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INTRODUCTION: 


CON TAINING 


A Brief Account of the SOLAR 
SYSTEM, and of the FI XxED 
STARS. 


— 


TECH. I 


Of the Order, and Periods of the Primary 
Planets revolving about the Sun; and 


of the Secondary Planets, round their 
reſpective Primaries. 


H E Sun is placed in the midſt of 
Fo an immenſe Space, wherein fix ies 
Opaque Spherical Bodies revolve 

NN about him as their Center. Theſe 
wandering Globes are called the Planets, 
who at different Diſtances, and in different 
B Periods, 
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Periods, perform their Revolutions from 
Weſt to Eaſt, in the following Order. 

I. Þ Mercury is neareſt to the Sun of all 
the Planets, and performs its Courſe in 
about three Months. 2. 2 Venus in about 


ſeven Months anda half. 3. O The Earth 


ina Year. 4. 4 Mars in about two Years. 
5. J Jupiter in twelve. And, laſtly, R Sa- 
turn, whoſe * Orbit includes all the reſt, 
ſpends almoſt 30 Years in one Revolution 
round the Sun. The Diſtances of the Pla- 
nets from the Sun are nearly in the fame 
Proportion, as they are repreſented in Plate 
1. viz, Suppoſing the Diſtance of the 
Earth from the Sun to be divided into 10 
equal Parts; that of Mercury will be about 
4 of theſe Parts; of Venus 7; of Mars 15 
of Jupiter 52; and that of Saturn 95. 

The Orbits of the Planets are not all 
in the fame Plane, but variouſly inclined 
to one another; ſo that ſuppoſing one of 
them to coincide with the above Seheme, 
the others will have one half above, and 


the other half below it; interſecting one 


another in a Line paſſing through the Sun. 
The Plane of the Earth's Orbit is called 
| the 


Note, The Characters placed before the Names of the Planets 
are for Brevity-ſake commonly made uſe of by Aſtronomers, 
inſtead of the Words at length, as ę for Venus, Cc. 


* By the Orbit of a Planet, is commonly underſtood the 
Tract or Ring deſcribed by its Center round the Sun; but by 
the Plane of the Orbit is meant a flat Surface extended every 
way through the Orbit infinitely. 
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Sect. 1. Of the SOLAR SYSTEM. 


the Echptick; and this the Aſtronomers x:1;p:1c4. 


make the Standard to which the Planes 
of the other Orbits are judged to incline, 
The right Line paſſing thro the Sun, and 
the common Interſection of the Plane of 
the Orbit of any Planet and the Ecliptick, 


is called the Line of the Nodes of that Nodes: 


Planet; and the Points themſelves, wherein 
the Orbit cuts the Ecliptick, are called the 
Nodes. | 
The Inclinations of the Orbits of the 
Planets to the Plane of the Ecliptick, are as 
follows, viz. the Orbit of Mercury makes 
an Angle with it of almoſt 7 Degrees; that 
of Venus ſomething above 33 Degrees; of 
Mars, a little leſs than 2 Degrees; of Ju- 
piter, 1 1 Degree; and of Saturn, about 2 
Degrees. The Orbits of the Planets are 
not Circles, but Ellipſes or Ovals. What 
an Ellipſis is, may be eaſily underſtood from 
the following Deſcription. Imagine two 
ſmall Pegs fixed upright on any Plane, and 
ſuppoſe them tied with the Ends of a Thread 
ſomewhat longer than their Diſtance from 
one another : Now if a Pin be placed in the 
Double of the Thread, and turned quite 
round, (always ſtretching the Thread with 
the ſame Force) the Curve deſcribed by this 
Motion is an Ellipfs. The two Points 
where the Pegs ſtood (about which the 
Thread was turned) are called the Foci of 
that Ellipſis; and if, without changing the 
B 2 Length 
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Length of the Thread, we alter the Poſition 7 
of the Pegs, we ſhall then have an Ellipſis 
of a different Kind from the former ; and 
the nearer the Focus's are together, the nearer j 
will the Curve deſcribed be to a Circle; J 
until at laſt the two Fycus's coincide, and If 

q 

1 


then the Pin in the doubling of the Thread 

will deſcribe a perfect Circle. The Orbits 

of all the Planets have the Sun in one of 

their Focus's, and half the Diſtance between 

the two Focus's is called the Excentricity of 

Fxcentri- the Orbits. This Excentricity is different 

ci. in all the Planets, but in moſt of them it 

is ſo ſmall, that in little Schemes or Inſtru- 

ments, made to repreſent the Planetary Orbits, 

it need not be conſidered. 

The fix Planets above-mentioned are 

3 called Primaries, or Primary Planets; but 

Pla, beſides theſe, there are ten other leſſer Pla- 1 

gend, Dets, which are called Secondaries, Moons, 

Plan: Or Satellites, Theſe Moons always accom- 

pany their reſpective Primaries, and perform | 

their Revolutions round them, whilſt both | 

together are alſo carried round the Sun, 

Of the Six Primary Planets, there are but 

three, as far as Obſervation can aſſure us, 

that have theſe Attendants, viz. the Earth, 
Jupiter, and Saturn, 

The Earth is attended by the Moon, who 

performs her Revolution in about 27. 3 

Days, at the Diſtance of about 30 Diameters 

of the Earth from it; and once a Year is 


carried 


1 
vn 
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| 4 carried round the Sun along with the Earth. 


Piſtance of 5 5 Semidiameters of Jupiter 


r TT 


from his Center; the ſecond revolves about 
Jupiter in 3 Days and 13 Hours, at the Di- 
ſtance of g of his Semidiameters; the third 
Zin 7 Days and 4 Hours, at the Diſtance of 


14 5 Semidiameters; the fourth and ou ter- 


moſt performs its Courſe in the Space of 
16 Days 17 Hours, and is diſtant from Ju- 
¶ Piter's Center 25 3 of his Semidiameters. 

Saturn has no leſs than five Satellites; the Saturn has 
rt or innermoſt revolves about him in 
I Day and 21 Hours, at the Diſtance of 


4 + Semidiameters of h from his Cen- 


ter; the /econd compleats its Period in 2 # 
Days, at the Diſtance of 5 4 of his Semidia- 
meters; the third, in about 43 Days, at 
the Diſtance of 8 Semidiameters; the fourth 


performs its Courſe in about 16 Days, at 


| the Diſtance of 18 Semidiameters; the 
fifth and outermoſt takes 79 + Days to 


finiſh its Courſe, and is 54 Semidiameters of 
Saturn diſtant from his Center. The Satel- 
lites as well as the Primaries perform their 


Revolution from Weſt to Eaſt: The Planes 


of the Orbits of the Satellites of the ſame 
Planet are variouſly inclined to one another, 
and conſequently are inclined to the Plane 
of the Orbit of their Primary, 

2 B 3 HhHeſides 
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upiter has four Moons or Satellites; the jupiter: 
rt or innermoſt performs its Revolution Men. 
in about one Day and 18 + Hours, at the 


ve Moons. 


- 
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Saturn's 
Ring. 
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Beſides theſe Attendants, Saturn is en- 
compaſſed with a thin plain Ring that does 
no where touch his Body: The Diameter of 
this Ring is to the Diameter of Saturn as 
9 to 4; and the void Space between the 
Ring and the Body of Saturn is equal to 


the Breadth of the Ring itſelf; ſo that in 


ſome Situations the Heavens may be ſeen 
between the Ring and his Body. This ſur- ? 
priſing Phenomenon of Saturn's Ring is a 
modern Niſcovery ; neither were the Satel- 
lites of Jupiter and Saturn known to the 
Ancients. The TJouial Planets were firſt 
diſcovered by the famous Talian Philoſo- 
pher Galilæus, by a Teleſcope which he 
firſt invented: And the celebrated Caſſini, 
the French King's Aſtronomer, was the firſt 


that ſaw all the Satellites of Saturn; which 


Annual 
Motion. 


Motion. 


by reaſon of their great Diſtances from the 
Sun, and the Smallneſs of their own Bodies, 
cannot be ſeen by us, but by the Help of 
very good Glaſſes. ? 

The Motion of the primary Planets round 
the Sun (as alſo of the Satellites round | 
their reſpective Primaries) is called their 
Annual Motion; becauſe they have one 
Year or Alteration of Seaſons compleat in 
one of theſe Revolutions. Beſides this 
Annual Motion, four of the Planets, viz. 
Venus, the Earth, Mars and Jupiter re- 
volve about their own Axes, from Weſt 


Diurnal to Eaſt 5 and this 18 called | their Diurnal 


Motion. 
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Motion, For by this Rotation each Point 
of their Surfaces is carried ſucceſſively to- 
wards or from the Sun, who always illu- 
minates the Hemiſphere which is next to 
him, the other remaining obſcure: And 
while any Place 1s in the Hemiſphere illu- 
minated by the Sun, it is Day; but when 
it is carried to the obſcure Hemiſphere, it 
becomes Night; and ſo continues until by 
this Rotation the ſaid Place is again en- 
lightned by the Sun, ; 

The Earth performs its Revolution P/#na! 
round its Axis in 23 Hours 56 Minutes; % G, &, 
Venus in 23 Hours; Mars in 24 Hours 
and 40 Minutes; and Jupiter moves round 
his own Axis in 9 Hours and 56 Minutes, ® #4 K 


G „li ken 
The Sun alſo is found to turn round his 3 


Axis from Weſt to Eaſt in 27 Days; and i Acer. 
the Moon, which is neareſt to us of all the 
Planets, revolves about her Axis in a Month, 

or in the ſame Space of Time that ſhe turns 

round the Earth; ſo that the Lunarians have 

but one Day throughout the Vear. 

I. The Planets are all Opaque Bodies, 7% e- 
having no Light but what they borrow Opa 
from the Sun: For that Side of them which 2%,“ 
is next towards the Sun has always been 
obſerved to be illuminated, in what Poſition 


ſoever they be; but the oppoſite Side, which 


the Solar Rays do not reach, remains dark 


and obſcure: Whence it is evident, that they 
have no Light but what proceeds from the 
| ".5- 4 ; Sun; 


+, 


G aua . | 
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The Pla- 
nets turn 
round the 
Suns 
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Sun: For if they had, all Parts of them 
would be lucid, without any Darkneſs or 
Shadow. The Planets are likewiſe proved 
to be G/obular, becauſe let what Part ſoever 


of them be turned towards the Sun, its 


Boundary, or the Line ſeparating that Part 
from the oppoſite, always appears to be Cir- 
cular ; which could not happen it they were 
not Globular. 

II. That the Earth is placed betwixt the 
Orbs of Mars and Venus, and that , , 
d, Y, and H, do all turn round the Son 3 
18 proved from Obſervations as follow: 3 

1. Whenever Venus is in Conjunction 


wich the Sun, that is, when ſhe is in the 1 


ſame Direction from the Earth, or towards 
the ſame Part of the Heavens the Sun is in; 

ſhe either appears with a bright and round 
Face like a full Moon, or elſe diſappears; 
or if ſhe is viſible, ſhe, appears horned like 


a new Moon : which Phenomena could 


never happen, if 2 did not turn round the 1 | 
Sun, and was not betwixt him and the 
Earth: For ſince all the Planets borrow 


their Light from the Sun, it is neceſfary that j 
＋ s lucid Face ſhould be towards the Sun; 
and when ſhe appears fully illuminated, 


ſhe ſhews the ſame Face to the Sun and 


Earth; and at that Time ſhe muſt be above : 


or beyond the Sun, for in no other Poſition Þ 


could her illuminated Face be ſeen from the 
Earth. Farther, when ſhe diſappears, or, 
= 
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if viſible, appears horned; that Face of 


hers which is towards the Sun, is either 


{ wholly turned from the Earth, or only a 


ſmall Part of it can be ſeen by the Earth; 
and in this cafe ſhe muſt of neceflity be 
betwixt us and the Sun. Let 8 be the Sun, 


T the Earth, and V Venus, having the 


ſame Face preſented both towards the Sun 
and Earth: Here it is plain, that the Sun is 


1. or elſe we muſt make the Sun to move 
round the Earth in an Orbit within that 


of Venus, as in Fig. 2. Again, after Ve- 


nus diſappears, or becomes horned, at her 
* with the , ſhe then muſt be betwixt 
us and the Sun, and muſt move either in 
an Orbit round the Sun, and betwixt us and 
him, as in Hg. 1. or elſe round the Earth, 
and betwixt us and the Sun, as in Fig. 2. 
But Venus cannot move ſometimes within 
the Sun's Orbit, and ſometimes without it, 
as we muſt ſuppoſe, if ſhe moves round the 
Earth ; therefore it is plain that her Motion 
is round the Sun. 

Beſides the foregoing, there is another Ar- 
gument to prove that Venus turns round the 
Sun, in an Orbit that is within the Earth's ; 
becauſe ſhe is always obſerved to keep * 

| e 


ls a Mark commonly uſed for Conjunction 7 Thus & 
with the OO, is to be read ConjunCtion with the hun, 


Plate 2: 
Fig. I. 2 


betwixt us and Venus, and therefore we muſt 
either place Venus in an Orbit round the Sun, 
and likewiſe betwixt him and us, as in Fig. 
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the Sun, and in the ſame Quarter of the 
Heavens that he is in, never receding from 
him more than about # of a whole Circle; 
and therefore ſhe can never come in Oppoſi- 
tion to him; which would neceſſarily hap- 7 
pen,did ſhe perform her Courſe round the f 
Earth either in a longer or ſhorter Time than 
a Vear. And this is the Reaſon why Venus is 
never to be ſeen near Midnight, but always 
either in the Morning or Evening, and at 
moſt not above three or four Hours before 
He, Sun-riſing, or after Sun- ſetting. From the 
ether cr Time of 2 's ſuperior Conjunction (or wien 
Evening. {he is above the Sun) ſhe is more Eaſterly * 
Far. than the Sun, and therefore ſets later, and 
is ſeen after Sun-ſetting; and then ſhe is 
commonly called the Evening-Star. But 
from the Time of her inferior Conjunction, 
till ſhe comes again to the ſuperior, ſhe then 
appears more weſterly than the Sun, and is 
only to be ſeen in the Morning before Sun- 
riſing, and is then called the Morning-Star. 7 
After the fame Manner we prove, that 
Mercury turns round the Sun, for he always | 
keeps in the Sun's Neighbourhood, and 
never recedes from him ſo far as Venus does; 
and therefore the Orbit of Þ muſt lie with- 
in that of : And on the Account of his 
Nearneſs to the Sun, he can ſeldom be ſeen 

The Orbit without a Teleſcope. 
9 Mzrsi%- Mars is obſerved to come in Oppoſition, 
Earth. and likewiſe to have all other Aſpects with 
3 9 e the 
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the Sun; he always preſerves a round, full, 
and bright Face, except when he is near his 
Quadrate Aſpect, when he appears ſome- 
what Gibbous, like the Moon three or four 
Days before or after the Full : Therefore the 
Orbit of 4 muſt include the Earth within 
it, and alſo the Sun; for it he was betwixt 
the Sun and us, at the Time of his inferior 
Conjunction, he would either quite diſap- 
pear, or appear horned, as Venus and the 


11 


Moon do in that Poſition. Let S be the Hg. 3. 


Sun, T the Earth,and A, P Mars, both in 
his Conjunction and Oppoſition to the Sun, 
and in both Poſitions full; and B, C Mars, 
at his Quadratures, when he appears ſome- 
what Gibbous from the Earth at T: Tis 

lain hence, that the Orbit of Mars does 
include the Earth, otherwiſe he could not 
come in Oppoſition to the Sun; and that it 


likewiſe includes the Sun, elſe he could not 


appear full at his Conjunction. , 

Mars, when he is in Oppoſition to the 
Sun, looks almoſt ſeven Times larger in 
Diameter, than when he is in Conjunction 
with him; and therefore muſt needs be al- 
moſt ſeven Times nearer to us in one Poſition 
than in the other: For the apparent Magni- 
tudes of far diſtant Objects increaſe or de- 
creaſe in Proportion to their Diſtances from 
us. But Mars always keeps nearly at the 
ſame Diſtance from the Sun ; therefore it is 
plain, that it is not the Earth, but the Sun 
that is the Center of his Motion, It 
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It is proved in the ſame Way, that Ju- 


piter and Saturn have both the Sun and the 


Earth within their Orbits; and that the 
Sun, and not the Earth, is the Center of 
their Motions; altho' the Diſproportion of 
the Diſtances from the Earth is not ſo great 
in Jupiter as it is in Mars, nor ſo great in 
Saturn as it is in Jupiter, by reaſon that 
they are at a much greater Diſtance from 
the Sun. 
We have now ſhewn that all the Planets 
turn round the Sun, and that Mercury and 
Venus are included between him and the 
Earth ; whence they are called the Inferior 
Planets: And that the Earth is placed be- 
tween the Orbits of Mars and Venus, and 
therefore included within the Orbits of 
Mars, Jupiter and Saturn; whence they 
are called the Superior Planets : And ſince 
the Earth is in the Middle of theſe move- 


able Bodies, and is of the ſame Nature with 


( 
The Earth 
does not 


Hou fell, 
ut turns 
round the 
Sun. 


Fig. 4. 


them, we may conclude, that ſhe has the 
ſame ſort of Motions ; hut that ſhe turns 
round the Sun, is proved thus: 

All the Planets feen from the Earth ap- 
pear to 7 very unequally ; as ſometimes 
to go faſter, at other times flower ; fome- 
times to go-backward, and ſometimes to. 
be ſtationary, or not to move at all ; which 
could not happen if the Earth ſtood till. 
Let S be the Sun, T the Earth, the great 
Circle ABCD the Orbit of Mars, and 


the 
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the Numbers 1, 2, 3, &c. its equable Motion 
round the Sun; the correſpondent Numbers 
I, 2, 3, &c. in the Circle a, b, c, d, the Mo- 
tion of Mars as it would be ſeen from the 
Earth. It is plain from this Figure, that if 
the Earth ſtood ſtill, the Motion of Mars 
would be always progreſſive, ( tho' ſome- 
times very unequal ; ) but fince Obſervations 
prove the contrary, it neceſſarily follows, 
that the Earth turns round the Sun. | 
The Annual Periods of the Planets round The 2 

the Sun are determined, by carefully obſerve- aua! l- 
ing the length of Time ſince their Departure e 
from a certain Point in the Heavens (or from com- 
a Fixed Star) until they arrive to the ſame ? 
again. By theſe ſorts of Obſervations the 
Ancients deetermined the periodical Revo- 
lutions of the Planets round the Sun; and 
were ſo exact in their Computations, as to 
be capable of predicting Eclipſes of the Sun 
and Moon. But ſince the Invention of 
Teleſcopes, Aſtronomical Obſervations are 
made with greater Accuracy, and of conſe- 
gquence our Tables are far more perfect than 
thoſe of the Ancients, And in order to 

be as exact as poſſible, Aſtronomers com- 

pare Obſervations made at a great Diſtance 
7 of Time from one another, including ſeve- 
ral Periods; by which means the Errvr that 
might be in the whole, is in each Period 
ſubdivided into ſuch little Parts, as to be 
| very inconſiderable. Thus the mean Length 

of a ſolar Year is known even to Seconds. 


The 
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The Diurnal Rotation of the Planets | 
round their Axes, was diſcovered by certain 
| Spots which appear on the Surfaces. Theſe 
1 Spots appear firſt in the Margin of the Pla- 
| nets Diſks (or the Edges of their Surfaces ) | 
i and ſeem by degrees to creep towards their | 
N Middle; and ſo on, going ſtill forward, till 
| they come to the oppoſite Side or Edge 
i of the Diſk, where they ſet or diſappear : 
L And after they have been hid for the fame 
| Space of Time that they were viſible, they | 
L again appear to riſe, in or near the ſame 
[ Place as they did at firſt; then to creep on 
| progreſſively, taking the ſame Courſe as they | 
ö did before. Theſe Spots have been obſerved | 
on the Surfaces of the Sun, Venus, Mars, 
and Jupiter; by which means it has been | 
found that theſe Bodies turn round their 
own Axes, in the Times before - mention'd. 
It is very probable that Mercury and Saturn 
have hkewiſe a Motion round their Axes, FP) 
that all the Parts of their Surface may al- 
ternately enjoy the Light and Heat of the {FF 
Sun, and receive ſuch Changes as are proper Hi 
and conveinent for their Nature. But by 
reaſon of the Nearneſs of & to the Sun; 
and 's immenſe Diſtance from him, no Ob- 
ſervations have hitherto been made where- 
by their Spots (if they have any) could be 
diſcovered, and therefore their diurnal Mo- 
tions could not be determined. The diur- 
nal Motion of the Earth is computed from 


5 the 
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the apparent Revolution of the Heavens, 
and of all the Stars round it, in the Space 
of a natural Day, The Solar Spots do not 
always remain the ſame, but ſometimes old 
ones vaniſh, and afterwards others ſucceed 
in their room; ſometimes ſeveral ſmall, ones 
gather together, and make one large Spot, 
and ſometimes a large Spot is ſeen to be 
divided into many ſmall ones, But, not- 
ithſtanding theſe Changes, they all turn 
round with the Sun in the fame Time. 
The relative Diſtances of the Planets from How che 


. * y 
The Sun, and likewiſe from each other, are';p,,c., 


determined by the following Methods: Firſt, e. 
he Diſtances of the two inferior Planets & 92 
and ꝙ from the Sun, in reſpect of the Earth's 4% i- 
Diſtance from him, is had, by obſerving 

heir greateſt Elongation from the Sun as 

hey are ſeen from the Earth. 

The greateſt Elongation of Venus is found Fig: 5. 
by Obſervation to be about 48 Degrees, „oe 
hich is the Angle 8 T 2 ; whence, by the 
nown Rules of Trigonometry, the Propor- 
ion of $ , the mean Diſtance of Venus 
From the Sun, to S T, the mean Diſtance of 
he Earth from him, may be eaſily found: 

After the ſame Manner, in the right- angled 
Triangle 8 T, may be found the Diſtance 
PI of Mercury from the Sun. And if 
he mean Diſtance of the Earth from the 
Pun 8 T be made 1000, the mean Diſtance 


Pf Venus 8 g from the Sun will be 723; 


and 
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» 
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and of Mercury SY 387: And if the Pla. 


nets moved round db Sun in Circles, wn 
him for their Center, the Diſtances here 1 1 
found would be always their true Diſtances; I 
but as they move in Ellipſes, their Diſtance 3 
from the Sun will be ſometimes greater, and 
ſometimes leſs. Their Excentricit:es are 

computed to be as follows, viz. 


Mercury 80 ö of the Parts a. | 


TA 
42 
3 
15 Id 


Excent, of | Venus © bo ioned 
Earth 169 ve mentioned. 


The Diſtances of the ſuperior Planets, 
viz. G, Y, and Þ, are found by comparing 
their true Places, as they are ſeen from the 

Sun, with their apparent Places as they ate 
ſeen from the Earth. Let 8 be the Sun, the 
Circle ABC the Earth's Orbit, AG a Line 
touching the Earth's Orbit, in which wel 
ſuppoſe the ſuperior Planets are ſeen from 
the Earth, in the Points of their Orbits { 
„, B; and let DEF GF, be a Portion d 
a great Circle in the Heavens at an infhnug 
Diſtance: Then the Place of Mars ſeen fron 
the Sun is D, which is called his true of 
Heliocentrick Place; but from the Eart! 

8 he'll be ſeen in G, which is called his ar 

Geoceutrick Parent or Geocentrick Place. So likewil 

ws Jupiter and Saturn will be ſeen from th 
Sun in the Points E and F, their Heliocen 

trick Places; but a Spectator from th 

Earth will ſee them in the Point of th 
Heavens G, which is their Geocentrick = 

T 


Fig. 6. 
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The Arches DG, EG, FG, the Differences 
between the true and apparent Places of the 
ſuperior Planets, are called the Parallaxes 
of the Earth's annual Orb, as ſeen from theſe 
Planets. If thro' the Sun we draw SH pa- 
rallel to AG, the Angles A d 8, A J 8, 
A h 8, will be reſpectively equal to the 
Angles DSH, ESH, and FSH; and the 
Angle AGS is equal to the Angle GSH, 
whoſe Meaſure is the Arch GH; which 
therefore will be the Meaſure of the Angle 
AGS, the Angle under which the Semi- 
diameter AS of the Earth's Orbit, is ſeen 
from the ſtarry Heavens. But this Semi- 


diameter is nothing in reſpect to the im- 


menſe Diſtance of the Heavens or Fixed 
Stars; for from thence it would appear un- 
der no ſenſible Angle, but look like a Point. 


And therefore in the Heavens the Angle 


GSH, or the Arch GH, vaniſhes; and the 
Points G and H coincide; and the Arches 
D, EH, FH, may be conſidered as being of 
the ſame Bigneſs with the Arches DG, EG, 
and FG, which are the Meaſures of the 
Angles A d 8, A X 8, A h S; which An- 
gles are nearly the greateſt Elongation of the 
Earth from the Sun, if the Earth be ob- 
ſerved from the reſpective Planets, when 
the Line GH Y C A, touches the Earth's 
Orbit in A. The nearer any of the ſuperior 
Planets is to the Sun, the greater is the 


Parallax of the Annual Orb, or the Angle 


Cc under 
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under which the Semidiameter of the Earth's 
Orbit is ſeen from that Planet. In Mars 


the Angle AF 8 (which is the viſible Elon- 3 


gation of the Earth ſeen from Mars, or 
the Parallax of the Annual Orb ſeen from 
that Planet) is about 42 Degrees; and there- 
fore the Earth is always to the Inhabitants 2 
of Mars, either their Morning or Evening 
Star, and is never ſeen by them ſo far diſ- 2? 
tant from the Sun, as we ſee Venus. The 
greateſt Elongation of the Earth ſeen from 
Jupiter, being nearly equal to the Angle 
Als is about 11 Degrees. In Saturn the 
Angle A H S is but 6 Degrees; which is 
not much above + Part of the greateſt ? 
Elongation we obſerve in Mercury. And 
ſince Mercury is ſo rarely ſeen by us, pro- 
bably the Aſtronomers of Saturn (except 
they have better Opticks than we have) 
have not yet diſcovered, that there is ſuch 
a Body as our Earth in the Univerſe, 7 
The Parallax of the Annual Orb, or thße 
greateſt Elongation of the Earth's Orbit ſeen |? 
from any of the ſuperior Planets, being 
given; the Diſtance of that Planet from the 
Sun, 1n reſpect of the Earth's Diſtance from | 
him, may be found by the ſame Methods | 
as the Diſtances of the inferior Planets were, 
Thus, to find the Diſtance of Mars from 
the Sun, it will be as the Sine of the An- 
gle 8 g A is to the Radius, ſo is the Diſ- 
tance AS (the Diſtance of the Earth from 


the 


= — n + ary * w 
R N * 9 A , « "I ws — > 
ke Wea . . - . 6 - * "4 2b "% > 
2 4 « a G u _ 2 2 * 8 ** 1 
p * 2 IS 242 "TIRE 8 "OE. — * ** l 2 * 1 _ — * 2 p I + * ks Fe > r ä 
7 ” - IF; AS * . * — - + % * * * 1 - . „ 5 * ” - 


Sect.t. Of the SOLAR SYSTEM. 
the Sun) to 8 &, the Diſtance from the Sun 


to Mars. After the ſame manner the Diſ- 


tances of Jupiter and Saturn are alſo found. 
The mean Diſtance of the Earth from the 


Sun being made 1000, the mean Diſtances 


of the ſuperior Planets from the Sun are, 
viz. the mean Diſtance from the Sun of 
"5 3 © I41 
E 5201 d the Excentricity | 2 5of 
b 9535). 547 
To which if you add or ſubtract their 
mean Diſtances, we ſhall have the greateſt 
or leaſt Diſtances of thoſe Planets from the 
Sun. 


There are other Methods by which the 


relative Diſtances of the Planets might be 


found; but that which hath been here il- 
luſtrated, is ſufficient to evince the Certain- 
ty of that Problem. | 


rg 


Hitherto we have only conſidered the h 5e 


; ; . Abſolute 
Diſtances of the Planets in relation to one — 


another, without determining them by any, 2% Pla- 


known Meaſure; but in order to find their , 0m 


abſolute Diſtances in ſome determinate Mead. 


ſure, there muſt be ſomething given, whoſe 
Meaſure is known. Now the Circumference 


of the Earth is divided into 360 Degrees, 


and each of theſe Degrees into 60 Geogra- 
hical Miles, ſo that the whole Circum- 
e contains 21,600 ; and by the known 
Proportion for finding the Diameter of a 

C 2 Circle 
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Parallax 
of the 
Earth's 
Semidia- 
meter. 


Fig. 7. 


* 


The INTRODUCTION: 


Circle from its Circumference, the Earth's 
Diameter will be found to be 6872 Miles, 
and its Semidiameter 3436 Miles. The 
Parallax of the Earth's Semidiameter, or the 
Angle under which it is ſeen from a certain 
Planet, may be found by comparing the 
true Place of the Planet, as it would be ſeen 
from the Center of the Earth, (which is 
known by Computation) with its apparent 
Place, as it is ſeen from ſome Point on the 
Earth's Surface. Let CZA be the Earth, 
ZC its Semidiameter, & ſome Planet, and 
BHTan Arch of a great Circle in the Heavens, 
at an infinite Diſtance. Now the Planet G 
will appear from the Earth's Center, C, in the 
Point of the Heavens H; but a Spectator from 
the Point Z upon the Earth's Surface, will ſee 
the ſame Object @ in the Point of the Hea- 
vens B; and the Arch BH the Difference is 
equal to the Angle BH = ZM C, the 
Parallax; which being known, the Side CO 
the Diſtance of the Planet from the Center 
of the Earth, at that Time, may be eaſily 
found. Now if this Diſtance of the Planet 


from the Earth be determined, when the N 
Centers of the Sun, the ſaid Planet, and of 


the Earth, are in the ſame right Line, we 
have the abſolute Diſtance of the Planet's 
Orbit from the Earth's in known Meaſure: 
Then it will be, As the relative Diſtance be- 
twixt the Earth's Orbit and that of the Planet, 


is to the relative Diſtance of the ſaid Planet 


from 


e 
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from the Sun; ſo is the Diſtance of the 
Planet's Orbit from the Earth's in known 


Meaſure, to the Diſtance of the ſaid Planet 


from the Sun in the ſame Meaſure : Which 
being known, the Diſtance of all the other 
Planets from the Sun may be found. For, 
it will be, as the relative Diſtance of any 


Planet from the Sun, is to its Diſtance from 


him in a known Meaſure ; ſo is the relative 
Diſtance of any other Planet from him, to 
its Diſtance in the ſame Meaſure. This 
may be done, by finding the Diſtance of the 
Planet Mars, when he is in Oppoſition to 
the Sun, after the ſame Manner as we find 
the Diſtance of a Tree, or the like, by two 
Stations, 

Let & be Mars, D the Point on the 
Earth's Superficies, where Mars is vertical, 
when he is in Oppoſition to the Sun (which 
may be exactly enough found by Calculation) 
at which Time let an Obſerver, at the Point 
, (whoſe Situation from D muſt be known) 
I take the Altitude of Mars, whoſe Comple- 


ment will be the Angle & Z R; then in the 


Triangle G Z C will be given the Angle 


8 192 G the Angle C (whoſe. Meaſure is the 


Arch DZ) and conſequently the Angle 
Z 4 C the Parallax, and alſo the Side Z C 
the Semidiameter of the Earth; by which 
we may find C F the Diſtance of Mars from 
the Earth. The extreme Nicety required 
in this Obſervation, makes it very difficult 

C 3 to 
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to determine the exact Diſtances of the Pla- 
nets from the Sun ; but the celebrated Dr, 

Halley has,in the Philoſophical Tranſactions, 

ſhewed us a more certain Method for find- 

ing the Diſtances of the Planets; which is 

by. obſerving the Tranſit of Venus over the 

Sun. 

How the The Eye judgeth of the Magnitudes of far 
1142"; 1», diſtant Objects, according to the Quantities 
Planets ar of the Angles under which they are ſeen 
determin# (hich are called their apparent Magnitudes) : 
and theſe Angles appear greater or leſs in 

a certain Proportion to their Diſtances. Þ 

_ Wherefore the Diſtances of the Planets from 
the Farth, and their apparent Diameters 
being given, their true Diameters (and from 

thence their Magnitudes) may be found. 

How the Diſtances of the Planets may be 

found, has been already ſhewn ; their ap- 

parent Diameters are found by a Teleſcope, 

having a Machine fix'd to it for meaſuring 

Eig. 8 Angles, called a Micrometer, Let BD, or 
| the Angle BAD be the apparent Diameter 
of any Planet, and AB, or AD (which by 

reaſon of the great Diſtances of the Planets 

in reſpect of their Magnitudes) may be con- 

ſidered as being the Diſtance of the ſaid 

Planet from the Obſerver. Now in the 
Triangle A BD, having the Sides AB, AD 

given, and the Angle A, we have alſo the 
other Angles B and D, (becauſe the Sides 

AB, A D are equal) whence the Side en 

the 
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the Diameter of the Planet, may be eaſily 
found by Trigonometry. 

From hence it appears, that the ſame Body 
at different Diſtances will ſeem to have 
very different Magnitudes : Thus the Dia- 
meter BD will appear from the Point E, 
to be twice as large as from the Point A. 
It alſo follows, that a ſmall Body, when 
at no great Diſtance from us, may appear 
to be equal, or even to exceed another at a 
oreat Diſtance, tho' immenſely bigger : Thus 
bd appears under the fame Angle, and con- 
ſequently of the ſame Bigneſs from the 


Point A, that the Line BD doth, tho' one 


vaſtly exceeds the other. And this is the 


Reaſon, why the Moon, which is much leſs 


*3 


the 


42 
Pear by 7 - 
than any of the Planets, appears to us vaſt-ger than 


ly bigger than either of them, and even to 
equal the Sun himſelf, which is many thou- 
ſand times greater in Magnitude. 

The Diſtances of the Planets, and Pe- 
riods round the Sun, their Diameters and 


Velocities round their own Axes, according 


to modern Computations, are as follow, 


C 4 Saturn 


any of the 
Planets, 
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Diſtance in 
F. 40: $3 Miles. 
777.000.000 
I1:314:12 | 424.000.C00 
1:321:23 | 123.000.000 
0:365: 6 | 81.000.000 
0:224:10 | 59.000.000 
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Moon Un- y „ 
Periods round] Diameters 
their own Axes| in Miles. 
D, NK N 

Sun 25: 6: 0763. oo 
Saturn PC 
Jupiter 0: 9: 56 81.000 
Mars 1 . 40% 4.440 
Earth | 0:23: 56] 7.970 
Venus 0 * 0 ⁰ 2.900 
„ (+ 6 3 EP 4.240 
Mom 127 3-3-3431: 4-420 


The Cauſe of Eclipſes, and Phaſes of 
the Moon, and ſome other Phenomena not 
here explained, ſhall be ſhewed when we 
come to give a Deſcription of the Orrery. 


Beſides the Planets already mentioned, 
there are other great Bodies that ſometimes 
viſit our Syſtem, which are a ſort of Tem- 
porary Planets; for they come and abide 

with 


Plate 2 


75 
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with us for a while, and afterwards with- 

draw from us, for a certain Space of 'Time, 

after which they again return. Theſe wan. 

dering Bodies are called Comets, 

The Motion of Comets in the Heavens, Of Comers. 
according to the beſt Obſervations hitherto 
made, ſeem to be regulated by the ſame 
mmutable Law that rules the Planets; for 
Aheir Orbits are Elliptical, like thoſe of the 
Planets, but vaſtly narrower, or more Ex- 
entrick. Yet they have not all the ſame Di- 
Fection with the Planets, who move from 
| eſt to Eaſt, for ſame of the Comets move 

Wrom Eaſt to Weſt; and their Orbits have 
ifferent Inclination to the Earth's Orbit; 
Wome inclining Northwardly, others South- 
Frardly, much more than any of the Plane- 
ary Orbits do, 
Altho' both the Comets and the Planets 
move in Elliptick Orbits, yet their Motions 
Neem to be vaſtly different: for the Excen- 

1 ricities of the Planets Orbits are ſo ſmall, 
hat they differ but little from Circles; 
ut the Excentricities of the Comets are 
uvery great, that the Motions of ſome of 
hem ſeem to be almoſt in right Lines, 
ending directly towards the Sun. 
Now, ſince the Orbits of the Comets 
re ſo extremely Excentrick, their Motions, 
byhen they are in their Peribelia, or neareſt 
Diſtance from the Sun,muſt be much ſwifter 
han when they are in their Aphelia, or 
artheſt Diſtance from him; which is the 
* "Reaſon 


26 


in our Syſtem; and when they diſappear, 


Care, nor their Theories diſcovered, but of 


The INTRODUCTION: 
Reaſon why the Comets make ſo ſhort a Stay 


are ſo long in returning. 

The Figures of the Comets are obſerved 
to be very different; ſome of them ſend 
forth ſmall Beams like Hair every Way round 
them; others are ſeen with a long fiery 
Tail, which is ſeen always oppoſite the Sun, 
Their Magnitudes are alſo very different; 
but in what Proportion they exceed each 
other, is as yet uncertain, Nor 1s it pro- 
bable, that their Numbers are yet known, 
for they have not been obſerved with due 


late Years. The Ancients were divided in 
their Opinions concerning them; ſome 1ma- 
gined, that they were only a Kind of Me- 
teors kindled in our Atmoſphere, and were 
there again diſſipated ; others took them to 
be ſome ominous Prodigies, But modern 
Diſcoveries prove, that they are Worlds ſub- Nar 
je to the ſame Laws of Motion as the Pla- Nov 
nets are; and they muſt be very hard and Nco 
durable Bodies, elſe they could not bear the WF, 
vaſt Heat, which ſome of them, when th 
they are in their Peribelia, receive from the Ith 
Sun, without being utterly conſumed, The Hin 
great Comet, which appeared in the Vear 
1680, was within z Part of the Sun's Diameter Su 
from his Surface; and therefore its Heat muſt D 
be prodigiouſly intenſe beyond Imagination. w. 
And when it is at its greateſt Diſtance from of 
the Sun, the Cold muſt be as rigid. E 
3 SE CT. 
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SECT, II. 
Of the FIXED STARS. 


HE fixed Stars are thoſe bright and 
ſhining Bodies, which ina clear Night 

appear to us every where diſperſed through 
he boundleſs Regions of Space, They are 
erm'd fixed, becauſe they are found to 
keep the fame immutable Diſtance one from 


another in all Ages, without having any of 
the Motions obſerved in the Planets. The e fed 


Stars are 


fixed Stars are all placed at ſuch immenſe ar immenſe 
Diſtances from us, that the beſt of Tele- ene 


from us. 


ſcopes repreſent them no bigger than Points, 
without having any apparent Diameters. | 
It isevident from hence, that all the Stars —_— 
are luminous Bodies, and ſhine with their Inf 
own proper and native Light, elſe they i, 
could not be ſeen at ſuch a great Diſtance, 
For the Satellites of Jupiter and Saturn, 
tho' they appear under conſiderable Angles 
through good Teleſcopes, yet are altogether 
inviſible to the naked Eye. The Ie 


Fance from 


Although the Diſtance betwixt us and the us 10 the 
Sun is vaſtly large when compared to the —＋ =” 
Diameter of the Earth, yet it is nothing 77 
when compared with the prodigious Diſtance Diener of 


of the fixed Stars; for the whole Diameter 5a. 


Stars. 
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of the Earth's Annual Orbit, appears from 

the neareſt fixed Star no bigger than a Point, 

and the fixed Stars are at leaſt 100,000 times 

farther from us than we are from the Sun; 

as may be demonſtrated from the Obſerva- 

tions of thoſe who have endeavoured to 

find the Parallax of the Earth's Annual Orb, 

or the Angle under which the Earth's Orbit 

appears from the fixed Stars. 

4 to ap- Hence it follows, that tho' we approach 

Part nearer to ſome fixed Stars at one time of the 

2424 JVear than we do at the oppoſite, and that 

being in by the whole Length of the Diameter of the 

+ Fg Earth's Orbit; yet this Diſtance being fo 

dent. ſmall in compariſon with the Diſtance of the 

fixed Stars, their Magnitudes or Poſitions 

cannot thereby be ſenſibly altered. There- 

fore we may always, without Error, ſup- 

poſe ourſelves to be in the fame Center of 

the Heavens, ſince we always have the ſame 

_ viſible Proſpect of the Stars, without any 
Alteration, 

If a Spectator was placed as near to any 
fixed Star, as we are to the Sun, he would 
there.obſerve a Body as big, and every way 
like, as the Sun appears to us; and our Sun 

7he fixed Would appear to him no bigger than a fixed 
Sar are Star: and undoubtedly he would reckon the 
Sau! as one of them in numbering the Stars. 
Wherefore ſince the Sun differeth nothing 


from a fixed Star, the fixed Stars may be 


reckoned ſo many Suns. : 
1 
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It is not reaſonable to ſuppoſe, that all the 
fixed Stars are placed at the ſame Diſtance 
from us; but it is more probable, that they 77, fred 
are every where interſperſed thro' the vaſt I 
indefinite Space of the Univerſe; and that Pie 
there may be as great a Diſtance betwixt any *# 
two of them, as there is betwixt our Sun and 
the neareſt fixed Star. Hence it follows, why 
they appear to us of different Magnitudes, not 
becauſe they really are ſo, but becauſe the 
are at different Diſtances from us; thoſe 
that are neareſt, excelling in Brightneſs and 
Luſtre thoſe that are more remote, which give 
afainter Light, and appear ſmaller to the Eye. 

The Aſtronomers diſtribute the Stars into 7he Diftrs- 
ſeveral Orders or Claſſes; thoſe that are near- _ 
eſt tous, and appear brighteſt to the Eye, are Ge. 
called Stars of the firſt Magnitude; thoſe 
that are neareſt to them in Brightneſs and 
Luſtre, are called Stars of the ſecond Magni- 
tude; thoſe of the third Claſs, are ſtiled Stars 
0; the third Magnitude; and fo on, until we 

ome to the Stars of the ſixth Magnitude, 

which are the ſmalleſt that can be diſcerned 

by the naked Eye. There are infinite Num- 

bers of ſmaller Stars,that can be ſeen through 

eleſcopes; but theſe are not reduced to 

any of the fix Orders, and are only called 9 ce. 

eſeopical Stars. It may be here obſerved, , -; 

that tho the Aſtronomers have reduced all 

the Stars that are viſible to the naked Eye, 

ito ſore one or other of theſe Claſſes; yet 
we 
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we are not to conclude from thence, that all 
the Stars anſwer exactly to ſome or other of 

theſe Orders; but there may be in reality 

as many Orders of the Stars as they are in 
Number, few of them appearing exactly of 
the ſame Bigneſs and Luſtre. 

The ancient Aſtronomers, that they 
might diſtinguiſh the Stars, in regard to 
their Situation and Poſition to each other, 
divided the whole ſtarry Firmament into ſe- 
veral Aſteriſins, or Syſtems of Stars, conſiſt- 
ing of thoſe that are near to one another, 

The Start Theſe Aſteriſins are called Conſtellations,  t! 

«refed and ate digeſted into the Forms of ſome Þ 4: 

fellatio. Animals, as Men, Lions, Bears, Serpents, Þ tl 
Fc. or to the Images of ſome known Things, tb 
as of a Crown, a Harp, a Triangle, Sc. th 

Ihe ſtarry Firmament was divided by 

the Ancients into 48 Images or Conſtella- ot 

tions; twelve of which they placed in that I fit 

Part of the Heavens wherein are the Planes th 

of the Planetary Orbits; which Part is D 
Zediack. called the Zodiack, becauſe moſt of the th 
"Conſtellations placed therein, reſemble ſome ¶ th 
living Creature. The two Regions of the T 
Heavens that are on each fide of the Zodi- in 
ack, are called the North and South Parts of P. 

- the Heavens. a) 

| Cnftells= The Conſtellations within the Zodiac, ¶ * 

1e are, 1. Aries, the Ram; 2. Taurus, the A. 

diack. Bull; 3. Gemini, the Twins; 4. Cancer, the 

the Crab; 5. Leo, the Lion; 6. Virgo, the ¶ pa 
| | Virgin; 


hay a i . wu C45 
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Virgin; 7. Libra, the Ballance; 8. Scorpio, 
the Scorpion; g. Sagittarius, the Archer; 
10. Capricornus, the Goat; 11, Aquarius, 
the Mater-Bearer; and, 12. Piſces, the 
f Fiſhes . 

The Conſtellations on the North Side Northern 
of the Zodiack are Twenty One, viz, , 
the Little Bear; the Great Bear; the 
Dragon; Cepheus, a King of Etbiopia; 
Boztes, the Keeper of the Bear; the 
Northern Crown; Hercules with his 
Club watching the Dragon ; the Harp ; 
the Swan; Caſſiopeta ; Perſeus ; Androme- 
da; the Triangle; Auriga; Pegaſus, or 
the Flying Horſe ; Equuleus ; the Dolphin ; 
the Arrow; the Eagle; Serpentarius, or 
the Serpent. 

The Conſtellations noted by the Ancients Southern 
on the South Side of the Zodiack, were c= 
fifteen, viz. the Male; the River Eridanus, 
the Hare; Orion; the Great Dog; Little 
Dog; the Ship Argo; Hydra; the Centaur; 
the Cup; the Grow; the Wolf; the Altar; 
ic the Southern Crown; and the Southern Fiſh. 
1c To theſe have been lately added the follow- 

- MW ing, vis. The Phenix; the Crane; the 
of W Peacock; the Indian; the Bird of Para- 

diſ.e; the Southern Triangle; the Fly ; Ca- 
kW gielion; the Flying Fiſh; Toucan, or the 
he American Gooſe; the Water Serpent, and 
7, the Sword-Fi/b. The Ancients placed theſe 
he particular Conſtellations or Figures in the 
1; Heavens, 


— St — — - $ : 2 
„„ an — — _ —_ = — as þ 
W 0:4 8 _ : 


32 The INTRODUCTION: 


Heavens, either to commemorate the Deed; | 
of ſome great Man, or of ſome notable Ex. 
e or Action; or elſe took them from the 


Fables of their Religion, &c. And the 
Modern Aſtronomers do ſtill retain them, 
to avoid the Confuſion that would ariſe by 
making new ones, when they compare the 
modern Obſervations with the old ones. 
Some of the principal Stars have parti- 
cular Names given them, as Syrius, Arctu- 
rus, &c. There are alſo ſeveral Stars that 
are not reduced into Conſtellations, and 
Unformed theſe are called Unformed Stars. 
go? Beſides the Stars viſible to the naked Eye, 
there is a very remarkable Space in the Hea- 
The Galaxy vens, called the Galaxy, or Milky Way. 
Way. 4 This is a broad Circle of a whitiſh Hue, 
like Milk, going quite round the whole 
Heavens; and conſiſting of an infinite Num- 
ber of ſmall Stars, viſible thro' a Teleſcope, 
tho' not. diſcernable by the naked Eye, by 
reaſon of their exceeding Faintneſs; yet 
with their Light they combine to illuſtrate 
that Part of the Heavens where they are, 
and to cauſe that ſhining Whiteneſs. 
The Places of the fixed Stars, or their 
relative Situations one from another, have 
been carefully obſerved by Aſtronomers, 
and digeſted into Catalogues. The firſt 
among the Greeks, who reduced the Stars 
into a Catalogue, was Hypparcus, who, from 


his own Obſervations, and of thoſe who 
lived 
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lived before him, inſerted 1022 Stars into 
his Catalogue, about 120 Years before the 
Chriſtian Æra: This Catalogue has been 
ſince enlarged and improved, by ſeveral 
learned Men, to the Number of 3000; of 


which there are a great many Teleſcopical, 


and not to be diſcerned by the naked Eye; 
and theſe are all ranked in the Catalogue, 
as Stars of the ſeventh Magnitude, 

It may ſeem ſtrange to ſome, that there are 
no more than this Number of Stars viſible 
to the naked Eye; for ſometimes, in a clear 
Night, they ſeem to be innumerable: But 
this is only a Deception of our Sight, arifing 
from their vehement ſparkling, while we 
look upon them confuſedly, without re- 
ducing them into any Order, for there can 
ſeldom be ſeen above 1000 Stars in the 
whole Heavens, with the naked Eye, at the 
ſame Time; and if we ſhould diſtinctly view 
them, we ſhall not find many but what are 
inſerted upon a good Celeſtial Globe. 

Altho' the number of Stars that can be 
diſcerned by the naked Eye, are ſo few, yet 
it is probable there are many more which 
are beyond the reach of our Opticks ; for 
thro' Teleſcopes they appear in vaſt Multi- 
tudes, every where diſperſed thoughout the 
whole Heavens; and the better our Glaſſes 
are, the more of them we ſtill diſcover. The 
ingenious Dr, Hook has obſerved 78 Stars in 
the Pleiades, of which the naked Eye is 

D | Never 
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never able to diſcern above 7; and in Orion, 
which has but 80 Stars in the Britiſh Ca- 
talogue (and ſome of them Teleſcopical) 
there have been numbered 2000 Stars. 
Ar Idia of Thoſe who think all theſe glorious 
_ — Bodies were created to no other Purpoſe, 
than to give us a little dim Light, muſt enter- 
tain a very ſlender Idea of the Divine Wiſ— 
dom; for we receive more Light from the 
Moon itſelf, than from all the Szars put 
together. And ſince the Planets are ſub- 
ject to the ſame Laws of Motion with our 
Earth, and ſome of them not only equal, 
but vaſtly exceed it in Magnitude, it is not 
unreaſonable to ſuppoſe, that they are all 
habitable Worlds. And fince the Fixed 
Stars are no ways behind our Sun, either 
in Bigneſs or Luſtre; is it not probable, 
that each of them have a Syſtem of Plane- 
tary Worlds turning round them, as we do 
round our Sun ? And if we aſcend as' far as 
the ſmalleſt Star we can ſee, ſhall we not 
then diſcover innumerable more of theſe 
glorious Bodies, which now are altogether 
inviſible to us? And fo ad inſinitum, thro' 
the boundleſs Space of the Univerſe, What 
a magnificent Idea muſt this raiſe in us of 
the Divine Being! who is every where, 
and at all Times preſent, diſplaying his Di- 
vine Power, Wiſdom and Goodneſs, amongſt 
all his Creatures! 
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The DESCRIPTION and USE of 
the. CELESTIAL and TER. 
RESTRIAL GLOBES. 


5 


b Globe or Splere is a round ſolid ue 
5 RE Body, having every Part of its 
| . Surface equally diſtant from a 
Point within it, called its Cen- 
ve? fer; and it may be conceived 
to be formed by the Revolution of a Semi- 
circle round its Diameter. 
Any Circle paſſing through the Center 
of the Sphere, thereby dividing into two 
equal Parts or Segments, 1s called a Great Great ar. 
Circle; and the Segments of the Sphere ſo © 
divided are called Hemiſphers . 1 
Every Great Circle has? its Polesand Axis, eres. 
The Poles of a Great Circle, are two Pole. 
Points on the Surface of the Sphere diame- 
trically oppolite to one another, and every 
where equally diſtant from the ſaid Circle. 
The Axis of a Circle is a right Line ,,;; 
paſſing through the Center of the Sphere, 
and through the Poles of the faid Circle; 
and is therefore perpendicular to the Plane 
thereof. 
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All Circles paſſing through the Poles of 
any great Circle, interſect it in two Places 
diametrically oppoſite, and alſo at right An- 
gles; and with reſpect to the ſaid Great Cir- 
 Seconda- Cle, they may be called its Secondaries. 

Te All Circles dividing the Sphere into two 

Parallel or unequal Parts, are called Jefſer or paralle/ 

Wer Gr- Circles, and are uſually denominated by that 
Great Circle, to which they are parallel, 

The Earth being globular, its outward 
Parts, as the ſeveral Countries, Seas, &c, 
are beſt, and moſt naturally repreſented up- 
on the Superficies of a Globe; and when 
ſuch a Body has the outward Parts of the 
Earth and Sea delineated upon its Surface, 
and placed in their natural Order and Situa- 

Terrefirial tion, it is called a Terreſtrial Globe, 

— 8 The Celeſtial Bodies appear to us as if 
they were all placed in the ſame Concave 
Sphere; therefore Aſtronomers place the 
Stars according to their reſpective Situations 
and Magnitudes; and alſo the Images of the 

© Conſtellations, upon the external Surface 
of a Globe; for it anſwers the ſame Pur- 
poſes as if they were placed within a con- 
cave Sphere ; if we ſuppoſe the Globe to 
be tranſparent, and the Eye placed in the 
Center. A Globe having the Stars placed 
upon its Surface, as above deſcribed, 1s 


Celeſtial called a Celeſtial Globe. Theſe Globes are 


Glove. both placed in Frames, with other Appur- 


tenances, as ſhall be deſcribed in a proper 
Place, | The 


— 
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The principal Uſe of theſe Globes (be- 7% prin- 
ſides their ſerving as Maps, to diſtinguiſh;; 44 ae 
the outward Parts of the Earth, and the Si- 
tuations of the Fixed Stars) is to explain and 
reſolve the Phænomena ariſing from the di- 
urnal Motion of the Earth round its Axis. 

It has been ſhewed in the Introduction, 
that the Diſtance of the Earth from the Sun 
is no more than a Point, when compared 
with the immenſe Diſtance of the Fixed 7here w:1! 
Stars; therefore let the Earth be in what he {ame 
Point ſoever of her Orbit, there will be the Has 
ſame Proſpect of the Heavens, as a Spectator 8 
would obſerve, did he reſide in the Sun: ÞeFator | 
and if ſeveral Circles be imagined to paſs eh Earth 
thro' the Center of the Earth, and others, 9 
parallel to them, be conceived to paſs thro' 
the Center of the Sun, theſe Circles in the 
Heavens will ſeem to coincide, and to paſs 
exactly thro' the ſame Stars. Wherefore as 
to the Appearances of the Fixed Stars, it is 
indifferent whether the Earthor the Sun be 
made the Center of the Univerſe. But 
becauſe it is from the Earth that we always 
obſerve the Celeſtial Bodies, and their a 
parent Motions ſeem to us to be really 
made in the Heavens, it is more natural, in 
explaining the Phenomena ariſing from 
theſe Motions, to place the Earth in the 
Center. And again, becauſe the Semidia- 
meter of the Earth, when compared to her 
Diſtance from the Sun, is of no ſenſible 
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Magnitude, any Point upon the Earth's Sur- 
face, let her be in what Part ſoever of her 
Orbit, may be conſidered as being the Cen- 

ter of the Univerſe, Upon theſe Principles, 
the different Phenomena ariſing from the 
diurnal Motion of the Earth, and the dif- 
ferent Situation of a Spectator upon its Sur- 

face, are very naturally illuſtrated and ex- 
plained by the Globes. 

As to the Alterations of Seaſons, Cc. ari- 
ſing from the annual Motion of the Earth 
round the Sun, it is indifferent which we 
ſuppoſe to move, the Earth, or the Sun; for 
in both Caſes the Effect will be the ſame: 
Wherefore, becauſe it is the Sun that appears 
to us to move, we ſay the Sun is in ſuch 
a Part of the Ecliptick, without attributing 
any Motion to the Earth, any more than 
if ſhe had actually been at reſt. For the 
ſame Reaſon we ſay, the Sun riſes, or the 
Sun ſets ; by which we mean, that he begins 
to appear or diſappear, without conſidering 

in the leaſt how theſe Effects are produced. 
Theſe things are here mentioned, to obviate 
the Objections that might be made by Be- 
ginners, after they had been told that the 
Sun ſtands ſtill, 
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An Explanation of the Circles of the 
Sphere, and of ſome Aſtronomical 
Terms arifing therefrom. 


_ Wannen ̃ 3 nt IE RE a4 7 ** : 


N order to determine the relative Si- 
. tuations of Places upon the Earth, as 
well as the Poſitions of the Fixed Stars, 
and other Celeſtial Phænomena; the Globe 
of the Earth is ſuppoſed to be inviron'd by 
ſeveral imaginary Circles, and theſe are 
called, the Circles of the Sphere. Theſe 2 circles 
| Imaginary Circles are either fixed, and al- = 
ways obtain the fame Poſition in the Hea- © 
vens; or moveable, according to the Poſi- 
tion of the Obſerver. _ 
Thoſe Circles that are fixed, owe their 
Origin to the two-fold Motion of the 
Earth; and are the Equator, the Echptick, 
with their Secondartes, and Parallels. Theſe 
fixed Circles are uſually delineated upon the 
Surface of the Globes. 

The moveable Circles are only the Ho- 
rixon, its Secondaries and Parallels : Theſe 
are repreſented by the Wooden Frame, and 
the Braſs Ring, wherein the Globe is hung, 
and a thin Plate of Braſs to be ſcrewed 
e in 
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in a proper Place upon the ſaid Ring, as 
Occaſion requires, 


I. Of the Equin:&tial, 


The Equa- I. The Equator, or the Equino#ial, is 
3 that great Circle in the Heavens, in whoſe 
Plane the Earth performs her diurnal Mo- 
tion round her Axis; or is that great Cir- 
cle, parallel to which the whole Heavens 
ſeem to turn round the Earth from Eaſt to 

Weſt in 24 Hours. 

Note, The Equator and the Equinoctial 
are generally ſynonymous Terms; but 
ſometimes the Equator particularly ſignifies 
that great Circle upon the Surface of the 

Earth, which coincides with the Equinoctial 
in the Heavens. This Circle is alſo by 
Mariners commonly called the Line. 

The Equinoctial divides the Globe of the 

Earth, and alſo the whole Heavens, into two 
Northern equal Parts, North and South, which are 
and Sou- called the Northern and Southern Hemi- 


thern He- 


miſpheres. ſpheres. The Axis of this Circle is called 
the Axis of the World, or the Earth's Axis; 
The 2 becauſe the Earth revolves about it (from 
"7 Weſt to Eaſt) in 24 Hours. The Extremes 
of this Axis are called the Poles of the 


Poles of the World, whereof that which lies in the 
World, or 


of the E. Northern Hemiſphere, is called the Norts 
quaror. Pole, and the other is called the South Pole. 


The 
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The EquinoCtial Circle is always deline- 


| ated upon the Surface of each Globe, with 

its Name and Length expreſſed ; the Axis of 
this Circle, or the Earth's Axis, is only an 
© imaginary Line in the Heavens, but on the 
© Globes it is expreſſed by the Wires about 
which they really turn. The Poles of the 
World are the two Points upon the Surface 
of the Globe through which theſe Wires 

| paſs; the North Pole is that which hath the 

| little braſs Circle, with a moveable Index 

| placed round it; and the other oppoſite to it, 

| is the South Pole. The Northern Hemi- 

| ſphere is that wherein the North Pole is 
| placed, and the oppoſite one is the Southern 

| Hemiſphere, 

The Aſtronomers divide all Circles into 
360 equal Parts called Degrees, each De- 
gree into 60 equal Parts called Minutes, 
each Minute into 60 Seconds, &c. But be- 
ſides this Diviſion into Degrees, the Equi- 
noctial is alſo divided into 24 equal Parts 
or Hours, each Hour into 60 Minutes, 
each Minute into 60 Seconds, Cc. fo that 
| one Hour is equal to 15 Degrees, each Mi- 
| nute of Time is equal to 15 Minutes of a 
| Degree, Gc. 
| 2. All Circles conceived to paſs through 
the Poles of the World interſecting the 
Equinoctial at right Angles, are, with re- Hur cir: 
ſpect to any Point in the Heavens, call'd 77 


cles of Af- 
oY Os ITT ones. 


Meridi ant. 
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becauſe the Aſcenſion of the Heavenly 
Bodies, from a certain Point, are by them 
determined, 

Theſe Circles are alſo, with regard to 
Places upon Earth, call'd Meridians. 
The Meridians are commonly drawn up- 
on the Terreſtrial Globe thro' every 15 De- 
grees of the Equinoctial, thereby making an 
Hour difference betwixt the Places through 
which they paſs. On the Celeſtial Globe 
there are commonly drawn but two of 
theſe Meridians croſſing the Equinoctial in 
four Points equidiſtant from one another, 
thereby dividing it into four Quadrants; 
but the intermediate ones are here ſupplied, 
and alſo upon the Terreſtrial Globe, by the 
Braſs Circle in which they are hung, which 
is therefore called the Braſs Meridian, and 
ſometimes only the Meridian; it ſerving for 
this Purpoſe to all the Points upon either 
Globe. 1 

There is alſo a little Braſs Circle fixed up- 
on this Meridian, divided into 24 Hours, 


having an Index moveable round the Axis of 


the Globe, to be turned to any particulat 


Hour. The Uſe of this Circle is to ſhew 


The Hour 
Circle. 


ad 


the Difference of Time betwixt any two 
Meridians, and is therefore called the Hour 
Circle, | 

3. All Circles parallel to the Equinoctial 


Parallels are, with reſpect to any Point in the Hea- 


of Declina- 


$107. 


vens, called Parallels of Declination. 80 


that, 4, The | 
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4. The Declination of any Point in the 
Heavens (as of the Sun, a fixed Star, or the 
like) is an Arch of the Meridian paſſing 
through that Point, and intercepted betwixt 
it and the Equator : And if the ſaid Point be 


Northward 
to the J gouthward of the Equator, it is 
Nor. h . , Declina- 
called | Sou : h Dec linat 2071. = 12 8 


Of the Parallels of Declination, four are 
eminently diſtinguiſhed by particular Names, 
viz, The two Tropicks, and the two Polar . 
Circles. Circles. 
The Tropicks are on different Sides of 
the Equator, each 23 Degrees and 29 Mi- 
nutes diſtant from it : that which lies in the 
Northern Hemiſphere, is called the T rOpICK 7 Tropick of 
of Cancer ; and the Southern one, the ro- cout. 
pick of Capricorn, —_ 
Theſe Circles are the Limits of the Sun's 
greateſt Declination, and are called Tro- 
picks, becauſe whenever the Sun arrives to 
chem, he ſeems to return back again to- 
k wards the Equator, | 
a 6. The Polar Circles are each of them 
tit the ſame Diſtance from the Poles of the 
„World, that the Tropicks are from the 
Equator, vg. 23” 29. That which lies near 
the North Pole, is called the Arctick Circie, ik 
from Arctos, a Conſtellation ſituated in the® 
Heavens near that Place; whence alſo this 


; Y Pole is ſometimes called the Arfick Pole 4#ick 
| The 


e 
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The other Polar Circle, which is ſituated 
Antarick near the South Pole, is called the Antar&ich 


Circle. Circle; becauſe its Poſition is contrary to 


the other: And the South Pole is ſome- 
times called the Antarctic Pole. 

The Tropicks and the Polar Circles have 
each their eames expreſſed upon the Globes. 


II. OF the Echprick, 


Edliptick. 7. The Ecliptick is that great Circle in 
whoſe Plane the Earth performs its annual 
Motion round the Sun; or, in which the 
Sun ſeems to move round the Earth once in 
a Year; This Circle makes an Angle with 
the EquinoCtial of 23 Degrees 29 Minutes; 
and interſects it in two oppoſite Points, 

Equine - Which are called the Equinoctial Points; and 

4e point the two Points in the Ecliptick that are at the 
greateſt diſtance from the Equinoctial Points, 

Solſtitial are called the Solſtitial Points. The two 

Tens. Meridians paſſing through thoſe Points, 

Colures. are, by way of Eminence, called Colures; 
whereof that which paſſeth thro' the Equi- 

Equino#ialnoEtial Points is called the Equinoftial G- 

qalure. jure; and that which is at Right Angles to 

it, paſſing through the Solſtitial Points, is 

Sa“ called the Solſtitial Colure. 

The Eclip. The Ecliptick is divided into 12 equal 


tick divis 


ded into Parts called Signs, each Sign being 30 De- 


Signs. grees, beginning from one of the Equinoctial 
Points, and numbered from Weſt to Heb: 
| the 


F 
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: the Names and Characters of the 12 Signs 


are as follows: viz. 


Aries, Taurus, Gemini, Cancer, Leo, 4 
1. V 2. 8 3-0 48 5. a 6. 

Libra, Scorpio, Sagittarius, Capricornus, Aquarius, Piſces. 

7. 2 8. 9. I 10. V 11. 2 132. No 


The firſt of theſe ſix are called the Nor- Northern 
| thern Signs, and poſſeſs that half of the EBk—- 
cliptick which is to the Northward of the 
Equator ; beginning with the firſt Point of 

P, and ending with the laſt Point of ny. 

The latter fix are called the Southern Signs, Southern 
becauſe they poſſeſs the Southern half of the *. 
Ecliptick, beginning at the firſt Point of QA, 
and ending with the laſt Point of X. 

The Diviſion of the Ecliptick into Signs, 
and the Names of the Colures, are particu- 
larly exprefſed upon the Globes. 

The Signs of the Ecliptick took their 
Names from 12 Conſtellations mentioned 
in the Introduction to be fituated in the 
Heavens near thoſe Places. It is to be ob- 
ſerved, that the Signs are not to' be con- 
founded with the Conſtellations of the ſame 
Name: For the Sign of Aries is not the 
ſame with the Conſtellation Aries; the lat- 
ter is a Syſtem of Stars digeſted into the 
Figure of a Ram; but the Sign of Aries is 
only zo Degrees of the Ecliptick counted 
from the Equinoctial Point T, (which is 
reckon'd the firſt Point in the Ecliptick) to 
the Beginning of Taurus: Or, it is ſome- 
times taken for all that Space upon on png 

| e 
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leſtial Globe contained between the two 
Circles paſſing through the firſt Points of 
Y and &. What has been here ſaid of Arie, 
is to be noted of all the reſt of the Signs. 
The Conſtellations above mention'd were 
formerly ſituated within the Signs which 
now bear their Names; but by a flow Mo- 
tion of the Equinoctial Points, being one 
Degree in 72 Years, the Conſtellation Aries 
has now got into the Sign &, and ſo of the 
reſt. So that Piſces is now got into the 
Sign of P; this ſlow Motion in the Heaven; 
is called the Preceſſian of the Equinoxe:, 


By this Motion, that Star which we now 


Poles of the 
Eclipticł. 


* 


call the Pole Star will in Proceſs of Time 
be to the Southward of London. 

The Poles of the Ecliptick are both ſitua- 
ted in the Solſtitial Colure, at 23 Degrees, 
29 Minutes Diſtance from the Pole of the 
World; and they take their Denomination 


fromthe Hemiſphere wherein they areplac'd, 


vi⁊. that which lies in the | Northern He- 


Southern 


miſphere is called the Lech 0 Pole of 
outh | 
the Ecliptick. The Arctick and Antarctick 
Circles are deſcribed by the Poles of the 
Ecliptick in the Diurnal Motion of the 
Earth round its Axis, whence it ſeems theſe 
two Circles are called Polar. 

8. All Great Circles paſting through the 


Poles of the Ecliptick, and conſequently 


In- 
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interſecting it at right Angles) are called "= 
Circles of Longitude : So that, rater 
9. The Longitude of any Point in the Longitude 
Heavens (as a Star or Planet, &c.) is an 7% Hs: 
Arch of the Ecliptick contained between ve. 
the Circle of Longitude paſhng thro' that 
Point, and the Equinoctial Point P. And 
that Degree of any Sign which lies under 
the Circle of Longitude, paſſing thro' any 
Star or Planet, is called the Place of that Place of 4 
Star or Planet. _ 
Note, The Sun never goes out of the 
Ecliptick, and it is not uſual to fay the 
Sun's Longitude, but we commonly ex- 
preſs it the Sun's Place, which is that Sign, 
Degree, Minute, &c, of the Ecliptick, 
which he at any Time poſſeſſes. 
10. All Circles conceived to be drawn 
parallel to the Ecliptick, are called Parallels 
of Latitude: So that 
11. The Latitude of any Point in the Latitude 
Heavens (as a Fixed Star, Gc.) is an Arch“ Ser, &c. 
of the Circle of Longitude, in paſſing thro' 
that Point, and intercepted betwixt it and 
the Ecliptick; or, the Latitude is the Di- 
ſtance from the Ecliptick: And if the faid 
Point be to the Northward of the Ecliptick, 
it is called North Latitude; but if it be to 
the Southward, it is called South Latitude. 
Upon the Terreſtrial Globe none of the 
Circles of Longitude are deſcribed; and 
upon the Celeſtial, they are commonly 
drawn 
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drawn thro the Beginning of every Sign; 
but they are all ſupplied upon both Globes, WW 
by faſtening a thin Plate of Braſs over one 
of the Poles of the Ecliptick, and ſo as to 
be moved to any Degree thereof at Plea. 
ſure. The Parallels of Latitude are alſo 
ſupplied by the Graduations upon the faid 
Plate, as ſhall be ſhewn in a proper Place, 

We have now done with all thoſe Circles 
that are fixed, and ſuch as are drawn upon 
the Globes themſelves ; we next proceed to 
the moveable Circles. 


III. Of the Horizon. 


12. The Horizon is that great Circle 


which divides the upper or viſible Hemi- 


ſphere of the World, from the lower or 
inviſible : This Circle is diſtinguiſhed into 
two Sorts, the Sen/ible and the Rational. 


— Ho- The Senfible or Apparent Horizon 1s that 


Circle which limits or determinates our 
Proſpect, whether we are at Land or Sea, 
reaching as far as we can ſee; or it 1s that 
Circle, where the Sky and the Earth or 
Water ſeem to meet. When we are on 
Terra Firma, this Circle commonly ſeems 
rugged and irregular, occaſioned by the un- 
evenneſs of the Ground terminating our 
Proſpect; but at Sea there are no ſuch Irre- 
eularities; the Semidiameter of this Circle 


varieth according to the Heighth of the * 
0 


e Ä ⅛ůnni .. 


ö 


p 
| 
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of the Obſerver ; if a Man of fix foot high 
ſtood upon a large Plain, or the Surface of the 


Sea, he could not ſee above three Miles round. 
This Circle determines the Riſing and 


| Setting of the Heavenly Bodies, and diſtin- 


guiſhes Day and Night. 


The Rational or True Horizon is a great Rational 


parallel to the ſenſible Horizon, being di- 


ſtant from it by the Earth's Semidiameter, 


which is about 3980 Miles: This Diſtance 
is nothing in Compariſon of the immenſe 
Diſtance of the Sun and the fixed Stars; 
therefore Aſtronomers make no Diſtinction 
between theſe two Circles, but conſider the 
apparent Horizon, or that wherein the Sun 
appears to riſe and ſet, as paſſing thro' the 
Center of the Earth. 

This Circle is divided by Aſtronomers 
into four Quadrants, and each of theſe Qua- 
drants into go Degrees, Cc. The four Points 


| Circle paſſing thro” the Center of the Earth ©" 


quartering this Circle are called the Cardinal Cardinal 


Points, and are termed the Eaſt, Weſt 


of the Horizon, where the Sun riſes when 
he is in the Equinoctial, or on that Day 
when he aſcends above the Horizon exactly 
at fix o'Clock; and the Meſt is that Point 
of the Horizon, which is directly oppaſite 


to the Eaſt, or where the Sun ſets when he 


is in the Equinoctial. The South is go De- 
prees diſtant from the Eaſt and Weſt, and 
5." 8 


Points 0 
» the Hori- 


North, and South. The Eaft is that Point vun. 
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is towards that Part of the Heaven wherein 
the Sun always appears to us in Great-Br;. 
fain at Noon; and the North is that Part 
of the Heavens which is directly oppoſite 
to the South, Or the North and South 
Points of the Heavens may be found, by 
turning yourſelf either directly towards the 
Eaſt or the Weſt : 1 you look towards the 
Eaſt Sout 
Ta! the be wt will be to the Right 
Hand, and the Tots to the Left, 
Beſides the aforementioned Diviſion of 
the Horizon into Degrees, Mariners divide 
it into 32 equal Parts, which they call the 
Points of the Compaſ5; to each of which 
Points they give a particular Name, com- 
pounded of the four Cardinals, according to 
what Quarter of the Compaſs is intended. 
The Center of the Horizon is the Place 
of Obſervation, and the Poles of it are, one 
exactly over our Heads, called the Zenitb, 
and the other exactly under our Feet, called 
the Nadir. 
13. All Circles conceived to paſs thro 


the Zenith and Nadir, are call'd Vertical 


Circles or Azimutbs. Of theſe Circles, 
that which paſſes thro' the North and South 


Meridian. Points of the Horizon, is called the Meri- 


Aimh. or due North from us; and the Azimuth of 


dian; ſo that when any Object is upon 
the Meridian, it then bears either due South 


any 


—— — — + we 0 . a a. -: a 
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any Object, is an Arch of the Horizon inter- 
cepted between the Verticle Circle paſſing 
through it, and either the North or South 
Part of the Meridian ; which Part is com- 
# monly ſpecified, | 

The Meridian paſſes thro' the Poles of the 
World, as well as thro' the Zenith and Na- 
dir, and therefore is a Secondary both of the 
Equinoctial and the Horizon: This Circle 
divides the Globe into the Eaſtern and Weſt. 
ern Hemiſpheres ; and the Poles of it are the 
Eaſt and Weſt Points of the Horizon, All 
the Heavenly Objects are during one half 
of their Continuance above the Horizon, in 
the Eaſtern Hemiſphere, and for the other 
half in the Weſtern; ſo that whenever the 
Sun arrives upon the upper Part of the Me- 
» WT ridian, it is then Noor or Mid- day, which 

is the Reaſon why this Circle is called the 

Meridian; and when he comes to the lower 
> Wh part, it is then Mid-night | 
| The Vertical Circle paſſing thro' the Eaſt 
aud Weſt Points of the Horizon, is called 
the Prime Vertical, or Circle of Eaſt and Prime bir. 
Weſt: ſo that when any Object is upon this * 
Circle in the Eaſtern Hemiſphere, it appears 
due Eaſt; and if it be in the Weſtern Hemi- 
ſphere, it appears due Weſt, | 

That Degree in the Horizon wherein an 
Object riſes or ſets from the Eaſt or We 
Points, is called the Amplitude ; which for 4nplirady. 
Riſing is called Amplilude Ortive, and 

E 2 Occa- 
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Occaſroe for ſetting; which muſt be alſo 
denominated, whether it be Northerly or 
Southerly. 

It may be obſerved, that the Amplitude 
and Azimuth are much the ſame; the Am- 
plitude ſhewing the Bearing of any Object 
ö when he riſes or ſets, from the Eaſt or Weſt 

Points of the Horizon; and the Azimuth, 
the Bearing of any Object when it is above 
the Horizon, either from the North or 
South Points thereof. As for Example, if 
| an Object riſes or ſets within 10 Degrees of 
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the Eaſt or Weſt, ſuppoſe towards the South, 

0 we accordingly ſay, its Amplitude is 10 De- 

grees Southerly; but if an Object, that is 

6 of any Height above the Horizon, ſhould 

be in the Vertical Circle, paſſing thro! the 

aforemention'd Point, we then fay, its Azi- 

muth is 80 Degrees from the South, or 100 

Degrees from the North, both which Ex- 
preſſions ſigniſy the ſame. 

14. All Circles drawn parallel to the Ho- 

rizon, in the upper Hemiſphere, are called 

Amacau- Almacanthers, or Parallels of Altitude: 

"1:#«des. So that the Altitude of any Point in the 

Heavens, is an Arch of the Vertical Circle 

paſſing thro that Point, and intercepted be- 

twixt it and the Horizon: and if the Object 

be upon the Meridian, it is commonly called 

222 the Meridian Allitude. The Complement 

er of the Altitude, or what it wants of go De- 


. grees, is called the Zenith Diſtance. . 
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The Horizon (by which we mean the 


| Rational) is repreſented by the upper Sur- 


face of the Wooden Frame, wherein the 
Globes are placed ; upon this Horizon are 
deſcribed ſeveral Concentrick Circles, the 
innermoſt of which is divided into Degrees, 
which ought to be numbered both ways 
from the Eaſt and the Weſt until they end at 
go Degrees 1n the North and South Points. 
The Uſe of theſe Diviſions, is to ſhew the 
Amplitudes of the Sun and Stars, at their 
Riſing and Setting: Alſo in ſome conve- 
nient Place upon this Horizon, there 1s 
commonly noted the Points of the Com- 


paſs. Without the aforemention'd Circle, 


there is drawn the Ecliptick with its Divi- 
ſions into Signs and Degrees, and a Circle 
of Months and Days: The Uſe of thele 
two Circles is to ſerve as a Calendar, to 
ſhew the Sun's Place at any Time of the 
Year; and by that means to find his Place 
i the Eclipticł drawn upon the Globe it- 

elf. | 
The Vertican Circles, and the Parallels 
of Altitude, are ſupplied by a thin Plate 
of Braſs, having a Nut and Screw at one 
End, to faſten it to the Braſs Meridian in 
the Zenith Pointz which being done, 
the lower End-of it may be put be- 
tween the Globe it ſelf and the inner 
Edge of the Horizon, and ſo turned round 
about to any Point required, The fiducial 
E 3 Edge 
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Edge thereof repreſenting the Vertical Cir. 

cles, and the Degrees upon it, deſcribin 
the Parallels of Altitude. This thin Plate 

5 zadrant is called the Quadrant of Altitude. 

10 o Arne The wa of Sarwar being the 
Place of Obſervation, it is evident, that 
i this Circle, and all the others belonging to 
9 it, are continually changed which way ſo- 
1 ever we move; wherefore we may ſuppoſe 
5 the Horizon, with its Secondaries and Pa- 
; rallels, to inveſt the Globe like a Rete or 
; Net; and to be moveable every Way round 
| It. This is very naturally illuſtrated by the 
| Globes; if we move directly North or di- 
1 rectly South, the Change made in the Ho- 
lh rizon is repreſented, by moving the Bras 
Meridian (keeping the Globe from turning 
about its Axis) in the Notches made in 
the Wooden Horizon, juſt ſo much as 
we travelled. If our Courſe ſhould be due 
Eaſt or due Weſt, the Alterations made there- 
by are repreſented, by turning the Globe ac- 
cordingly about its Axis, the Braſs Meridian 
being kept fixed; and if we ſteer betwixt 
the Meridian and the Eaſt or Weſt Points, 
then we are to turn the Braſs Meridian, and 
alſo the Globe about its Axis accordingly. 
The Sum of which is, Let the Spectator be 
in what Point ſoever of the Earth's Sur- 
face, he'll there gravitate or tend exactly to- 
wards its Center, and imagine himſelf to 
be on the higheſt Part thereof, (the . 
nes 


| 
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E neſs of the Ground not being here conſi- 
© dered:) wherefore if we turn the Globe in 


ſuch a Manner, as to bring the ſeveral pro- 


greſſive Steps of a Traveller ſucceſſively to 
the Zenith, we ſhall then have the ſucceſ- 
five Alterations made in the Horizon, in 
every Part of his Journey. This Explication 
being well conſidered, will be of Help to 
Beginners, to conceive how the Earth is 
every where habitable, and how Paſſengers 
can travel quite round it: For ſince every 
Thing tends towards the Center of the Earth, 
we are to conceive that Point as being the 
loweſt, and not to carry our Idea of down- 
wards any farther: Thoſe that are diame- 
trically oppoſite to us, being as much upon 
the upper Part of the Earth as we are; there 
being no ſuch Thing in Nature, as one Place 
being higher than another, but as it is at a 


greater Diſtance from the Center of the 


Earth, let it be in what Country ſoever. 
We have now done with all the Circles of 
the Sphere, and it may be obſerved, that the 
Ezuinoctial, the Ecliptick, and the Ho- 
rizon, with their Secondaries and Parallels, 
are all alike; and altering their Poſition, 
may be made to ſerve for one another. 
Thus, if the Poles of the World be brought 
into the Zenith and Nadir, the Equinoc- 
tial will coincide with the Horizon, the Me- 
ridians will be the ſame with the Vertical 


Circles, and the Parallels of Declination 


E 4 will 
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Sphere. 
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turnal 
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will be the Parallels of Altitude. After the 
ſame Manner, if ſhifting the Poſition we 
bring the Echptick to coincide with the 
Horizon; the Circles of Longitude will be 
the Vertical Circles, and the Parallels of 
Latitude and Altitude will coincide. 

The Horizon and the Equator may be 
either Parallel, Perpendicular, or Oblique 
to each other 

15. A Parallel Sphere, 1s that Poſition 


| Where the Equator coincides with the Ho- 


rizon, and conſequently the Poles of the 
World are in the Zenith and Nadir: The 
Inhabitants of this Sphere (if there be any) 


are thoſe who live under the Poles of the 


World. 

16. A Right or Direct Sphere is that 
Poſition where the Equator is perpendicu- 
lar to the Horizon; the Inhabitants where- 


of are thoſe who live under the Equi- 
noctial. 


17. An Oblique Sphere is when the E- 


quinoctial and the Horizon make Oblique 
Angles with each other; which every 
where happens but under the Equator and 
the Poles. : 
The Arch of any Parallel or Declina- 
tion which ſtands above the Horizon, is 
called the Diurnal Arch; and the remain- 
ing Part of it, which is below the Horizon, 
is called the Nocturnal Arch, * 
| t 
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That Point of the Equinoctial which 
Eaſtern 


comes to the j Weſtern {Part of the Ho- 
nzon, with any Point in the Heavens, is 


| called che f 


Aſcenſion 
Deſcenſion of that Point, 


counted from the 3 of J; and if 
it be in a Right Sphere, the Aſcenſion or 


Deſcenſion is called Right; but if it be in 


an Oblique Sphere, it is called an Oblique 
Aſcenſion or Deſcenſion. So that, 


18. The Right Aſcenſion of the Sun, Rigbe 
Mon, or any Star, &c. is an Arch of the Aſcenſon: 


| Equator contained betwixt the Beginning 


of P, and that Point of the Equinoctial 
which riſes with them in a Rzght Sphere; 
or which comes to the Meridian with them 
in an Oblique Sphere. 

19. Oblique Aſcenfon or Deſeenfin, ic. 
an Arch of the Equinoctial intercepted be- Henſon. 
tween the Beginning of P, and that Point 
of the Equator, which riſes or ſets withany 
Point in the Heavens in an oblique Sphere. 

20. Aſcenfional Difference, is the Diffe- Neenſomal 
rence betwixt the Right and Oblique Aſ- Piferexe. 
ſcenſion or Deſcenſion; and ſhews how 
long the Sun riſes or ſets before or after the 
Hour of Six. 


IV. Of the Divifion of Time. 
The Parts that Time is diſtinguiſhed into 
are Days, Hours, Weeks, Months, and Years, 
as | A Day 


— — . 2 — — A. . z 8 22. wy _—_ — be — * 
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A Day is either Natural or Artificial, 
Natwat A Natural Day is the I of Time 
aud 4ti- elapſed while the Sun goes from any Meri. 
feel D. dian or Horary Circle, till he arrives to the 
ſame again; or it is the Time contained from 
Noon or any particular Hour, to the next 
Noon or the ſame Hour again: An Artificial 
Day,is the Time betwixt the Sun's Riſing and 
Setting, to which is oppoſed the Night, that 
is, the Time the Sun is hid under the Horizon, 
The Natural Day is divided into 24 
Fours, &c. Hours, each Hour into 60 Minutes, each 
Minute into 60 Seconds, &c. The Artif. 
cial Days are always unequal to all the In- 
habitants that are not under the Equator, 
except when the Sun is in the Equinoctial 
Points Y and A, which happens (according 
toour way of Reckoning) about the 1oth of 
March and 12th of September; at thoſe 
Times the Sun riſes at fix and ſets at fix, to 
all the Inhabitants of the Earth. Theſe Days 
- Equinoxes. are called the Equinoxes or Equinoctial Days; 
the firſt of which, or when the Sun is in 
the firſt Point of Aries, is called the Verna! 
Fernal and Equinox, and the latter is called the Autum- 
Caan. nal Equinox. In all Places where the Sun de- 
ſcends below the Horizon, excepting under 
the Equator, the Days continually lengthen 
or ſhorten,and that faſter or ſlower according 
as the Sun is nearer to or further from the E- 
8 until he arrives to either of the 


olſtitial Points or W. At thoſe Times the 


Sun ſeems to ſtand ſtill for a few Days, and 


then 


E 
tl 
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then he begins to return with a ſlow Mo- 
tion towards the Equinoctial, ſtill haſtening 
his Pace as he comes nearer to it: The Sun 
enters the Tropicks of S and M, about the 
oth of our June and the 1 1th of December, 
which Days are ſometimes called the Saiſtices; Slices. 
the firſt of which we call the Summer Solſtice, ang 
and the latter the Winter Solſtice. Solſtice. 
All Nations do not begin their Day, and 7h d- 
reckon their Hours alike. In Great-Britain, 2 The. 
France and Spain, and in moſt Places in Ph. 
Europe, the Day is reckon'd to begin at Mid- 
night; from whence is counted 12 Hours till 
Noon, then 12 Hours more till next Midnight, 
which makes a compleat Day: Yet the A/ro- 
mers (in theſe Countries) commonly begin 
their Day at Noon, and ſo reckon 24 Hours 
till next Noon, and not twice twelve, accord- 
ing to the vulgar Computation. 

The Babylonians began their Day at Sun- Babyloniſh 
riſing, and reckoned 24 Hours till he roſe 
again: This way of Computation we call the 
Babyloniſh Hours, In ſeveral Parts of Ger- 
many they count their Hours from Sun-ſet- 
ing, calling the firſt Hour after the Sun has 
ſet, the firſt Hour, &c. till he ſets the next 
Day, which they call the 2 4th Hour: Theſe 
are commonly called the Italian Hours. Italian 
According to both theſe ways of Computa- . 
tion, their Hours are commonly either a 
little greater or leſs than the 27 Part of a na- 
tural Day, in Proportion as the Sun . or 

ets 
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ſets ſooner or later in the ſucceeding Days: 

They have alſo this Inconvenience, that their 
Mid-day and Mid-night happen on different 
Hours, according to the Seaſons of the Year, 

The Jeus and the Romans formerly di. 

vided the Artificial Days and Nights each 

Into 12 equal Parts; theſe are termed the 
ewiſh Tewwiſh Hours, and are of different Lengths 
„ according to the Seaſons of the Year; a 
Jeuiſb Hour in Summer being longer than 

one in Winter, and a Night-Hour ſhorter. 

This Method of Computation is now in 

uſe among the Turks, and the Hours are 

ſtiled the irt Hour, fecond Hour, Gc. of 

the Day or Night; ſo that Mid- day always 

falls upon the fixth Hour of the Day. Theſe 
Planetary Hours are alſo called Planetary Hours; be- 
Fa. auuſe in every Hour one of the Seven Planet: 
was ſuppoſed to preſide over the World, 

and fo take it by turns. The firſt Hour al- 

ter Sun- riſing on Sunday was allotted to the 

Sun; the next to Venus; the third to Mer- | 

cury; and the reſt in Order to the Moon, Sa- 

turn, Jupiter and Mars, By this Means 

on the firſt Hour of the next Day, the Moon 
preſided, and ſo gave the Name to that Day; 

and fo ſeven Days by this Method had | 
Names given them from the Planets that 

were ſuppoſed to govern on the firſt Hour. 

AWek. A Week is a Syſtem of ſeven Days, in 
which each Day is diſtinguiſhed by . dif- 

| ferent 
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: WE ferent Name. In moſt Countries, theſe 

ir Days are called after the Names of the ſe- 

ven Planets, as above noted, All Nations 

that have any Notion of Religion, lay apart 

one Day 1n ſeven for publick Worſhip; the 

Day ſolemnized by Chriſtians is pans A Or 

the firſt Day of the Week, being that on 

which our Saviour aroſe from the Grave, on 

which theApoſtles afterwards uſed more par- 
ticularly to aſſemble together to perform 
Divine Worſhip. The Jews obſerved Sa- 

turday, or the Seventh Day of the Week, for 

their Sabbath or Day of Reſt, being that 
appointed in the fourth Commandment 

under the Law. The Turks perform their 
Religious Ceremonies on Friday. 

A Month is properly a certain Space of 4 Month. 

Time meaſured by the Moon in its Courſe 

if round the Earth. A Lunar Month is either 
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. Periodical or Synodical. A Periwadical 3 
c WH Month is that Space of Time the Moon ggaical 
'- W takes to perform her Courſe from one Poigfonts 


1 of the Ecliptick till ſhe arrives to the ſame 
15 again; which is 27 Days and ſome odd 
0 Hours: And a Synodical Month is the Time 
1 betwixt one new Moon, and the next new 
d Moon, which is commonly about 291 Days. 
at But a Civil Month is different from theſe, 
and conſiſts of a certain Number of Days, 
IN fewer or more, according to the Laws and 
- WM Cuſtoms of the Country wherein they are 
n obſerved. 
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ewiſh 
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one in Winter, and a Night-Hour ſhorter. 


Planetary 
Hoars. 


A Week. 


ſtiled the firſ# Hour, fecond Hour, Gc. of 
the Day or Night; ſo that Mid- day always 
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They have alſo this Inconvenience, that their 
Mid-day and Mid-night happen on different 
Hours, according to the Seaſons of the Year. 

The Jeus and the Romans formerly di. 
vided the Artificial Days and Nights each 
into 12 equal Parts; theſe are termed the 
Feuiſb Hours, and are of different Lengths 
according to the Seaſons of the Year; 
Tewiſh Hour in Summer being longer than 


This Method of Computation is now in 
uſe among the Turks, and the Hours ar: 


falls upon the fixth Hour of the Day. Theſe 
Hours are alſo called Planetary Hours; be- 
cauſe inevery Hour one of the Seven Planets 
was ſuppoſed to preſide over the World, 
and ſo take it by turns. The firſt Hour at- 
ter Sun-riſing on Sunday was allotted to the 
Sun; the next to Venus; the third to Mer- | 
cury ; and the reſt in Order to the Moon, Sa- 
turn, Jupiter and Mars, By this Means 
on the firſt Hour of the next Day, the Mor 
preſided, and ſo gave the Name to that Day; 
and fo ſeven Days by this Method had 


were ſuppoſed to govern on the firſt Hour. 

A Week is a Syſtem of ſeven Days, in 

which each Day is diſtinguiſhed by : dif- 
erent 
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| ferent Name. In moſt Countries, theſe 
Days are called after the Names of the ſe- 
ven Planets, as above noted. All Nations 
that have any Notion of Religion, lay apart 
one Day in ſeven for publick Worſhip; the 
Day ſolemnized by Chriſtians is — Af or 
the firſt Day of the Week, being that on 
which our Saviour aroſe from the Grave, on 
which theApoſtles afterwards uſed more par- 
ticularly to afſemble together to perform 
Divine Worſhip. The Jews obſerved Sa- 
turday, or the Seventh Day of the Week, for 
their Sabbath or Day of Reſt, being that 
appointed in the fourth Commandment 
under the Law. The Turks perform their 
Religious Ceremonies on Friday. 
A Month is properly a certain Space of 4 Month. 
Time meaſured by the Moon in its Courſe 
round the Earth. A Lunar Month is either 
Periodical or Synodical. A PeriodicalPeriodical 
Month is that Space of Time the Moon ical 
takes to perform her Courſe from one Point Months: 
of the Ecliptick till ſhe arrives to the ſame 
again; which is 27 Days and ſome odd 
Hours: And a Synodical Month is the Time 
betwixt one new Moon, and the next new 
Moon, which is commonly about 291 Days. 
But a Civil Month is different from theſe, 
and conſiſts of a certain Number of Days, 
fewer or more, according to the Laws and 
| Cuſtoms of the Country wherein they are 
obſerved. 
The 
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The compleateſt Period of Time is 4 
Year, in which all the Variety of Seaſons 
AYersy. return, and afterwards begin a-new, A 
dereal and Tear is either Aſtronomical or Civil, An 
en Aftronomical Year is either a Sydereal, 
wherein the Sun departing froma fixed Star, 
returns to it again ; or Tropical, which is 
the Space of Time the Sun takes to perform 
his Courſe from any Point of the Ecliptick 
till he returns to it again, 
A Tropical Year conſiſts of 365 Days, 
5 Hours, and 49 Minutes ; this is the Time 
in which all the Seaſons compleatly return, 
which is a ſmall matter leſs than a Sydereal 
Year. | | 
The Civil Near is the ſame with the Po- 
litical eſtabliſhed by the Laws of a Coun- 
try, and is either moveable or immoveable. 
The moveable Year conſiſts of 365 Days, 
being leſs than the Tropical Year by almoſt 
Egyptian fix Hours ; and is called the Egyptian Year, 
Fear. becauſe obſerved in that Country. 

. The Romans divided the Year into 12 Ca- 
lendar Months, to which they gave particu- 
lar Names, and are ſtill retain'd by moſt of 
the European Nations, viz, Fanuary, Fe- 

- bruary, March, April, May, June, Juh, 
Auguſt, September, Oftober, November, and 
December. The Number of Days in each | 

Month may be known by the following 


Verſes; | 
| Thirty | 
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Thirty Days hath September, 
April, June and November; 
February hath Twenty Eight alone, 
And all the reſt have Thirty One. 


The Year is alſo divided into four Quarters 
or Seaſons, viz, The Spring, Summer, Au- 
tumn and Winter, Theſe Quarters are pro- 
perly made when the Sun enters into the 
Equinoctial and Solſtitial Points of the 
Ecliptick : But in Civil Uſes they are dif- 
ferently reckon'd according to the Cuſtoms 
of ſeveral Countries. In England we com- 
monly reckon the firſt Day of January to 
be the firſt in the Vear, which is therefore 
vulgarly called New-Year's-Day; but in Po- 
litical and Eccleſiaſtical Affairs, the Year is 
reckon'd to commence on Lady- Day, 
which is the 25th of March; and from 
thence to Mid/ummer-Day, which is the 
24th of June, is reckoned the firſt Quarter 
from Midſummer - Day to Micbaelmas- 
Day, which is the 29th of September, is 
the ſecond Quarter; the third Quarter 
z reckoned from Michaelmaſi - Day, to 


Criſtmaſs-Day, which is the 25th of De- 


cember ; and from Chri/tmaſs-Day to Lady- 
Day, is reckoned the laſt Quarter in the 
Year. In common Affairs, a Quarter 
s reckoned from a certain Day to the 
lame in the fourth Month following. 
Sometimes a Month is reckon'd four 

| Weeks 
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Weeks or 28 Days, and ſo a Qbarte 
12 Weeks. To all the Inhabitants in the 

3 | Hemiſphere, their Midſummer 
is properly when the Sun is in the Tropick 
of Cris EM | and their M:dwinter at 
the oppoſite Time of the Year. But thoſe 
who live under the Wy Ic have two 
Winters, viz. when the Sun is in either 
Tropick ; tho' indeed properly, there is no 
Seaſon that may be called Winter in thoſt 
Parts of the World. 

The Egyptian Year of 365 Days, being 
leſs than the true Solar Year, by almoſt fix 
Hours, it follows that four ſuch Years are 
leſs than four Solar Years by a whole Day; 
and therefore in 365 Times four Years, that 
is, in 1460 Years, the Beginning of the 
Years move through all the Seaſons. To 
remedy this Inconveniency, Julius Cæſar 
(conſidering that the fix Hours which remain 
at the End of every Year, will in 4 Years 


make a Natural Day) ordered that every | 
fourth Year ſhould have an intercalary Day, | 
which therefore conſiſts of 366 Days; the 
Day added was put in the Month of Fe- 
bruary, by poſtponing St. Matthias's Day, | 
which in common Years falls on the 24th, 
to the 25th of the ſaid Month; all the fixed 
Feaſts in the Year, from thenceforwards, 
falling a Week-day later than otherwiſe they | 
would, — 
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According to the Roman Way of reckon- Biſextile 
ing, the 24th of February was the ſixth of F T. 
the Kalends of March, and it was ordered 
that for this Year there ſhould be two ſixths, 
or that the ſixth of the Kalends of March 
ſhould be twice repeated ; upon which Ac- 
count the Year was called Biſſextile, which 
we now call the Leap-Year. 

To find whether the Year of our Lord be 
Leap-Year, or the firſt, ſecond, or third 
after; divide it by four, and the Remainder, 
if there be any, ſhews how many Years it is 
after Leap-Year ; but if there be no Remain- 
der, then that Year is Leap-Year: Or, you 
may omit the Hundreds and Scores, and 
divide the Reſidue by 4. Examp. 1731, 
omitting the Hundreds and the Twenty, I 
divide the Reſidue 1 1 by 4, and the Remain- 
der 3 ſhews it to be the third after Leap-Year. 
| This Method of reckoning the Year, v/z. 
making the common Year to conſiſt of 365 
Days, and every fourth Year to have 366 
Days, is now uſed in Great- Britain and 
Ir-land, and ſome of the Northern Parts of 
Europe, and is called the Julian Account or Julian A. 
the Old Style. But the Time appointed by sh Od 
fulius Geſar for the Length of a Solar Style. 
Year is too much; for the Sun finiſhes his 
Courſe in the Ecliptick in 365 Days, 5 Hours 
ad 49 Minutes, which is 11 Minutes leſs 
than the Civil Year ; and therefore he again 
begins his Circuit 11 Minutes before the 

F Civil 
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Civil Year is ended: and ſo much being 


gained every Year, amounts, in 131 Years, 
to a whole Day. So that if the Sun in any 
Vear entered the Equinox upon the 20th of 
Marchat Noon, after the Space of 13 1 Years, 
he'll enter the ſame Point on the ſame Hour 
of the 19th of March. And therefore the 
Equinoxes will not always fall on the ſame 
Day of the Month, but by Degrees will 
move towards the Beginning of the Year, 
At the Time of the Council of Nice, 
(when the Terms were ſettled for obſerve- 
ing of Eaſter) the Vernal Equinox fell up- 
on the 21ſt of March: but by its falling 


backwards 11 Minutes every Year, it was 


found that in Anno 1582, when the Kalen- 
dar was corrected, the Sun entered the Equi- 
noctial Circle on the 11th of March, having 
departed ten whole Days from its former 
Place in the Year: And therefore Pope Gre- 
gory the XIIIth, deſigning to place the Equi- 


noxes in their former Situation with reſpec 


to the Year, took thefe ten Days out of the | 


Kalendar, and ordered that the eleventh of 
March ſhould be reckoned as the Twenty- 


firſt: And to prevent the Seaſons of the | 
Year from going backwards for the future, | 
he ordered that every hundredth Year,which | 


in the Julian Form was to be a Biſſextil, 


ſhould be a common Year, and conſiſt only 
of 365 Days; but that being too much, | 
every fourth hundred was to remain Biſex- | 
tile, This Form of reckoning being eſta- 
| | bliſhed ? 


Dax TONS ˙ ũòð mãuꝓꝝ᷑̃F— a. ⁵ĩ⅛˙d.. ̃ ⅛—ᷣXK. 2 


dect. 1. of the GLOBES. 67 
bliſhed by the Authority of Pope Gre-Gregorian 
gory XIII. is called the Gregorian Account, Nam St5le. 
or the New Style; and is obſerved in all | 
the Countries where the Authority of the 
Pope is acknowledged, and likewiſe by ſeve- 
ral Nations of the Reform'd Religion. There 
being now above a hundred Years paſt, ſince 
this Reformation was made in the Kalendar, 
the Gregorian Account has accordingly got 
before the Julian one Day more than it 
was at the Time of its Inſtitution, the Dif- 
ference between theſe two Accounts being 
now eleven Days; ſo that the firſt Day of 
any Month, according to our Way of reckon- _ 
ing, is the 12th of the ſame Month accord- 
ing to the New Style, 

T ſhall conclude this Section with a brief 
Account of the Atmoſphere, | 

The Atmoſpbere is that thin Body of Air 4-moſptere 
which ſurrounds the Earth, in which the 
Clouds hover, and by which in their Deſcent 
they are broke into Drops of Rain z which 
ſometimes, according to the Warmth or 
Coldneſs of Air, are froze into Sn] or 
- WH Hail-ftones, Thunder and Lightning are 
e alſo made in the Atmoſphere, and Wind is 
, WH nothing elſe but a Percuſſion of the Air, 
h occaſion'd by its different Denſity in different 


e, WI Places. The Benefits we receive from the 
ly MW Atmoſphere are innumerable; without Air 
h, no earthly Creature could live, as is plainly 
proved by Experiments made by the Air- 
a- r F 2 Pump; 


| 


68 


The Deſcription and Uſe 


Pump; and the Wholeſomeneſs of a Cli- 
mate chiefly depends upon that of its Air; 
If there was no Atmoſphere to reflect the 


Rays of the Sun, no Part of the Heavens 
would be lucid and bright, but that where. 


in the Sun was placed; and if a Spectator 


ſhould turn his Back towards the Sun, he 
would immediately perceive it to be quite 
dark, and the leaſt Stars would be ſeen 
ſhining as they do in the cleareſt Night; 
and the Sun immediately before his ſetting 
would ſhine as briſk as at Noon, but in a 
Moment, as ſoon as he got below the Ho- 
rizon, the whole Hemiſphere of the Earth 
would be involved in as great a Darkneſs 
as if it were Midnight. 

But by means of the Atmoſphere, it hap- 
pens, that while the Sun is above the Ho- 
rizon, the whole Face of the Heavens is 
ſtrongly illuminated by its Rays, ſo as to 
obſcure the faint Light of the Stars, and ren- 


der them inviſible; and after Sun-ſetting, | 


though we receive no direct Light from 
him, yet we enjoy its reflected Light for 
ſome time: For the Atmoſphere being 
higher than we are, is a longer Time before 


it is withdrawn from the Sun, (as if a Man 


was to run up to the Top of a Steeple, he 


may ſee the Sun after it had been ſet to 
thoſe at the Bottom.) The Rays which the | 
Atmoſphere receives from the Sun, after he is 
withdrawn from our Sight, are by Refraction 

faintly ? 
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faintly "tranſmitted to us; until the Sun 

having got about 18 Degrees below the 

| Horizon, he no longer enlightens our At- 

moſphere, and then all that Part thereof 

which is over us becomes dark, After the 

ſame Manner, in the Morning, when the 

Sun comes within 18 Degrees of our Hori- 

zon, he again begins to enlighten the At- 

moſphere, and ſo more and more by De- 

orees, until he riſes and makes full Day. 

This ſmall Illumination of the Atmoſphere, 

and State of the Heavens between Day and 

Night, is called the Tuuligbt, or the Gre-7w;liga, 

puſculum. of wha 
The Duration of Twilight is different in 

different Climates, and in the fame Place, 

at different Times of the Year. The Be- 

ginning or Ending of Twilight being accu- 

rately given, we may from thence eaſily find 

the Height of the Atmoſphere, which is not 

always the ſame. The mean Height of the 

Atmoſphere is computed to be about 40 

Miles; but it is probable, the Air may ex- 

pand itſelf a great deal farther, there being 

properly no other Limits to it, as we can 

conceive, but as it continually decreaſes in 

Denſity, the farther remote it is from the 

Earth, in a certain Ratio; which, at laſt, 

as to our Conception, muſt in a Manner 

terminate, | 
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Latitude. 


SECT. 


GEOGRAPHICAL DEFINITIONS, 
| Of the Situations of Places upon 
the Earth; of the different Situa- 


tions of i its Inhabitants, of Zones 
and Chmates. 


HE Situations of Places upon the 
Earth are determined by their Lati- 
tude and Longitude, 

1. The Latitude of any Place (upon the 
Earth) is its neareſt Diſtance, either North 
or South, from the Equator ; ; and if the | 
Place be in the | aber Herniſphere, | 

Southern 
it is accordingly called Land h 0 Latitude; 
and is meaſured by an Arch of the Meri- 
dian intercepted betwixt the Zenith of the 
faid Place and the Equator, And all 
Places that lie on the ſame Side, and at 
the ſame Diſtance from the Equator, are 
ſaid to be in the ſame Parallel of Lati- 
tude: the Parallels of Latitude in Geggra- 


py 
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pby being the fame with the Parallels of 
Declination in Aſtronomy. 

From this Definition ariſe the following 
Corollaries: 

(J.) That no Place can have above go De- 
grees of Latitude, either North or South, 

(2.) Thoſe Places that he under the Equi- 
noctial (or through which the Equator paſſes) 
have no Latitude, it being from thence that 
the Calculation of Latitude is counted. And 
thoſe Places that lie under the Poles, have the 
greateſt Latitude, thoſe Points being at the 
greateſt Diſtance from the Equator. 

(3.) The Latitude of any Place is always 
equal to the Elevation of the Pole in the 
ſame Place above the Horizon; and is there- 
fore often expreſſed by the Pole's Height, or 
Elevation of the Pole: the Reaſon of which 
is, becauſe from the Equator to the Pole, 
there is always the Diſtance of go Degrees, 
and from the Zenith to the Horizon the ſame 
Number of Degrees, each. of theſe inclu- 
ding the Diſtance from the. Zenith to the 
Pole. That Diſtance therefore being taken 
away from both, will leave. the Diſtance 
from the Zenith to the Equator (which is 
the Latitude) equal to the Diſtance from the 
Pole. to the Horizon. 8 

(4.) The Elevation of the Equator in any 
Place is always equal to the Complement of 
the Latitude of the ſame Place, 
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1 : 5 
(J.) A Ship ſailed directiy 12 | 


the Equator, 2 con FA ö her Latitude, 


0 1 the Pole) juſt ſo much as 


Y is her Diſtance ſailed. 

Difference 2. Difference of Latitude is the neareſt 

ef Latitude Diſtance betwixt any two Parallels of La- 
titude, ſhewing how far the one is to the 
Northward or Southward of the other; 
which can never exceed 180 Degrees. And 
when the two Places are in the fame Hemi- 
ſphere (or on the ſame Side of the Equator) 
the leſſer Latitude ſubtracted from the 
greater, and,when they are on different Sides 
of the Equator, the two Latitudes added, 
gives the Difference of Latitude. 

Longitude. 3. The Longitude of any Place (upon 
the Earth) is an Arch of the Equator, con- 
tained bet wixt the Meridian of the given 
Place, and ſome fixed or known Meridian: 
or, it is equal to the Angle form'd by the 
two Meridians, which properly can never 
exceed 180 Degrees, tho ſometimes the 
Longitude is counted eaſterly quite round 
the Globe. 

Since the Meridians are all moveable, 
and not one that can be fixed in the Hea- 
vens, (as the Equinectial Circle is fixed, 
from whence the Latitudes of all Places 


are determined to be ſo much either North 
"= 
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or South) the Longitudes of Places can- 
not ſo well be fixed from any other Meri- 
dian, but every Geographer is at his liberty 
to make which he pleaſes his firſt Meridian, 
from whence to calculate the Longitudes 
of other Places. Hence it is that the Geo- 
graphers of different Nations reckon their 
Longitudes from different Meridians, com- 
monly chuſing the Meridian paſſing thro” 
the Metropolis of their own Country for 
their firſt: thus, the Engliſb Geographers 
generally make the Meridian of London 
to be their firſt; the French, that of Paris; 
and the Dutch, that of Amſterdam, &c. 
And Mariners generally reckon the Longi- 
tude from the laſt known Land they ſaw. 
This arbitrary Way of reckoning the Longi- 
tude from different Places, makes it neceſ- 
fary, whenever we expreſs the Longitude 


of any Place, that the Place from whence 


it is counted be alſo expreſſed. 


From the preceding Definitions, ariſe tlie 


following Corollaries : 
1. If a Body ſhould ſteer directiy North, 
ir directiy South, quite round the' Globe, he'll 


continually change his Latitude; and paſs 


thro” the two Poles of the World, nuithout 
deviating the leaſt from the Meridian of the 
Place he departed from; and conſequently 
at his Return will not differ in his Account 
f Time from the People refiding in the ſaid 
Place, 2. F 
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(J.) A Ship ſailed direfly F | 


tbe Equator, 4 3 175 | her Latitude, 


(or ral the Pole) juſt ſo much as 


7s her Diſtance ſailed. 

Diffrence 2. Difference of Latitude is the neareſt 

9 £41442 Diſtance betwixt any two Parallels of La- 
titude, ſhewing how far the one is to the 
Northward or Southward of the other; 
which can never exceed 180 Degrees. And 
when the two Places are in the ſame Hemi- 
ſphere (or on the ſame Side of the Equator) 
the leſſer Latitude ſubtracted from the 
greater, and,when they are on different Sides 
of the Equator, the two Latitudes added, 
gives the Difference of Latitude. 

Longitude. 3. The Lingitude of any Place (upon 
the Earth) is an Arch of the Equator, con- 
tained betwixt the Meridian of the given 
Place, and ſome fixed or known Meridian: 
or, it is equal to the Angle form'd by the 
two Meridians, which properly can never 
exceed 180 Degrees, tho ſometimes the 
Longitude is counted eaſterly quite round 
the Globe. 

Since the Meridians are all moveable, 
and not one that can be fixed in the Hea- 
vens, (as the Equinoctial Circle is fixed, 
from whence the Latitudes of all Places 
are determined to be ſo much either Nortn 
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or South) the Longitudes of Places can- 
not ſo well be fixed from any other Meri- 
dian, but every Geographer is at his liberty 
to make which he pleaſes his firſt Meridian, 
from whence to calculate the Longitudes 
of other Places. Hence it is that the Geo- 
graphers of different Nations reckon their 
Longitudes from different Meridians, com- 
monly chuſing the Meridian paſſing thro” 
the Metropolis of their own Country for 
their firſt: thus, the Engliſb Geographers 
generally make the Meridian of London 
to be their firſt; the Prench, that of Paris; 
and the Dutch, that of Amſterdam, Ge. 
And Mariners generally reckon the Longi- 
tude from the laſt known Land they ſaw. 


This arbitrary Way of reckoning the Longi- 


tude from different Places, makes it neceſ- 
fary, whenever we expreſs the Longitude 
of any Place, that the Place from whence 
it is counted be alſo expreſſed. 


From the preceding Definitions, ariſe tlie 
following Corollaries: 1 

1. If a Body ſhould ſteer directiy North, 
ir directiy South, quite round the' Globe, he'll 
continually change his Latitude; and pafs 
thro” the two Poles of the World, uitbout 
deviating the leaſt from the Meridian of the 
Place he departed from; and conſequently 
at his Return will not differ in his Account 


Time from the People refiding in the ſard 
ace, \ — 
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2. If a Body ſhould fleer round the Glibe, 
ertber due Eaſt or due Weſt, he'll continualy 


change his Longitude, but will go quite round 
without altering his Latitude; and if hi; 
Courſe ſhould be due Eaſt, he'll gain a Day 
compleatly in his Reckoning, or reckon one 
Day more than the Inhabitants of the Place 


had been Weſt, he would have loft one Day, ar 
reckoned one leſs, | 

The Reaſon of which is evident: for, 
admitting our Traveller ſteers due Eaſt ſo 
many Miles in one Day, as to make his 
Difference of Longitude equivalent to a 
Quarter of an Hour of Time; it is evident, 
that the next Day the Sun will riſe to him 
a Quarter of an Hour ſooner, than to the 
Inhabitants of the Place from whence he 
departed: and ſo daily, in Proportion to the 
Rate he travels, which in going quite round 
will make up one Natural Day. In libe 
manner, if he ſteers due Weſt after the 
ſame Rate, he'll lengthen each Day a Quarter 
of an Hour, and conſequently the Sun wil 
riſe to him ſo much later every Day; by 
which means, in going quite round, he'll 
loſe one Day compleat in his Reckoning, 
From whence it follows, | 

3. If two Bodies ſhould fet out from tit 
fame Place, ene ſteering Eaſt, and the other 
Weſt, and ſo continue their Courſes quitt 
round, until they arrive at the P * 
| | | ence 
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whence they ſet out, they'll differ two Days 
in their Reckoning at the Time of their N- 


turn. 

4. Fa Body ſhould Fed upon an Oblique 
Courſe (or any where betwixt the Meridian 
and the Eaſt or Weſt Points) bell continual- 
ly change both Latitude and Longitude, and 
that more or leſs, according to the Courſe 
he ſteers; and if he ſhould go quite round 
the Globe, bell differ in his Account of Time, 
as by the 2d Corol, | 

5. The People refiding in the Eaſtermoſt 
of any two Places, will reckon their Time 
ſo much the ſooner than thoſe who live in 
the other Place, according to the Difference 
of Longitude betwixt the two Places, allow- 
mg 1 Hour for every 15 Degrees, &c. and 
the contrary, | 


II. Of Zones and Climates, &c. b 


4. Zones are large Tracts of the Surface Zones Tw- 
of the Earth, diſtinguiſhed by the Tropickse ai, ant” 
and Polar Circles; being five in Number, Frigia. 
viz. one Torrid, two Temperate, and two 
Frigid. 

The Torrid or Burning Zone is all the 
Space comprehended between the two Tro- 
picks; the Ancients imagined this Tract of 
the Earth to be uninhabitable becauſe of 
the exceſſive Heat, it being ſo near the Sun. 

All the Inhabitants of the Torrid Zone 


5 
1 
| 
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have the Son in their Zenith, or exactly 
over their Heads, twice in every Vear; ex. 

cepting thoſe who live exactly under the 
two Tropicks, where the Sun comes to 
their Zenith only once in a Vear. 

The two Temperate Zones lie on either 
Side of the Globe, between the Tropicks 
and the Polar Circles. 

The two Figid Zones are thoſe Spaces 
upon the Globe that are included within 
the two Polar Circles. 
The Inhabitants of the Earth are al ſo diſtin- 
guiſhed by the Diverſity of their Shadous. 

' Thoſe who hve in the Torrid Zone are 
Amphiſ- called Amphiſcians; becauſe their Noon- 
, Shadow is caſt different Ways, according as 
the Sun is to the Northward or Southward 
of their Zenith: But when the Sun is in 

Aſians. their Zenith, they are called Aſcians. 
The Inhabitants of the Temperate Zones 
Heteraſci- are called Heteroſcians, becauſe their Noon- 


: Shadow is always caſt the ſame Way: But 


thoſe who live under the Tropicks are called 

Fee, Aſcians Heteraſeians. Thoſe who live in 
3 the Frigid Zones are called Periſcians, be- 
Periſeian: cauſe ſometimes their Shadow is caſt round 
about them. 
Theſe hard Names are only Greek Words, | 
importing how the Sun caſts the Shadow of 

the ſeveral Inhabitants of the Earth: which 

- would be a too trifling Diſtinction to be 
made here, was it not for the Sake of com- 
plying with Cuſtom, The 


The Inhabitants of the Earth are alſo 
diſtinguiſhed into three Sorts, in reſpect to 

their relative Situation to one another; and 
theſe are called the Periæci, Antaci, and 
Antipodes. 

The Periæci are : thoſe who live under Periect. 
oppoſite Points of the fame Parallel of La- x. 
titude. They have their Seaſons of the [ 
Year at the ſame Time, and their Days and if 
Nights always of the fame Length with one 1 
another ; but the one's Noon is the other's 1 
Midnight : and when the Sun is in the E- A 
quinoctial, he riſeth with the one, when he 
ſets with the other. Thoſe who live under 
the Poles have no Periæci. 


6. The Antec: live under the ſame Me- Autaci. 1 5 
ridian, and in the ſame Latitude, but on dif- ils 
ferent Sides of the Equator; their Seaſons 13 
of the Year are contrary, and the Days of 9 
the one are equal to the Nights of the other: : 1 
but the Hour of the Day and Night is the 7 
lame with both: and when the Sun is in 1 1 
the Equinoctial, he riſes and ſets to both i 
exactly at the ſame time. Thoſe who live We 
under the Equator have no Antæci. 0 

7. The Antipodes are thoſe who live dia- 4ipoaes. fy 
metrically oppoſite to one another, ſtanding 8 


4 it were exactly feet to feet: Their Days 
and Nights, Summer and Winter, are at 
direct contrary Times. 
The Surface of the Earth is by ſome di- 
linguiſhed into Climates, 
8. A 
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Climaters 8. A Climate is a Tract of the Surface of 
the Earth, included between two ſuch Pa. 
rallels of Latitude, that the Length of the 
longeſt Day in the one exceeds that in the 
other by half an Hour. | 
[ The whole Surface of the Earth is con- 
bl ſidered, as being divided into 60 Climates, 
| viz. from the Equator to each of the Polar 
Circles 24, ariſing from the Difference of 
Hour in the Length of their longeſt Days; 
and from the Polar Circles to the Pole 
themſelves are fix, arifing from the Diffe- 
rence of an entire Month ; the Sun being 
ſeen, in the firſt of theſe, a whole Month 
1 without ſetting ; in the ſecond, two; and 
| in the third, three Months, Cc. Theſe 
ö Climates continually decreaſe in Breadth, 
the farther they are from the Equator, 
How they are framed, viz. the Parallel of 
Latitude in which they end (that being 
likewiſe the Beginning of the next) with 
the reſpective Breadth of each of them, u | 
ſhewed in the following Table, 
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A TABLE of the CLIMATES. 


* 3 Y * LIES c 
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CLIMATES between the Equator and the Polar Poles. | 3 


"OY 


CA. | Longeſt Latitude Breadth Cii- | Longeſt Latitude| Brecdthl 9 
mates. | Day. D. D. M. 6. Day. D. MID. M. i 
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CLIMATES between the Polar Circles and the Poles. 
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III. Of the Poetical Riſing and Setting if 
the Stars, 


The Ancient Poets make frequent Men. 

tion of the Stars Riſing and Setting, either 

Coſmically, Acronically, or Heliacally ; whence 
theſe Diſtinctions are called Poetzcal. 

A Star is ſaid to Riſe or Set Coſinicalh, 
when it riſes or ſets at Sun-riſing ; and when 
it riſes or ſets at Sun-ſetting, it is ſaid to 
riſe or ſet Acrenically. A Star riſes Helia- 
cally, when it firſt becomes viſible, after it 
had been ſo near the Sun as to be hid by 
the Splendor of his Rays: And a Star 15 
ſaid to et Heliacally, when tis firſt im- 
merſed, or hid by the Sun's Rays. 

The Fixed Stars, and the three ſuperior 


Planets, Mars, Jupiter, and Saturn, riſe 


Heliacally in the Morning: but the Moon 
riſes Heliacally in the Evening; becauſe the 
Sun is ſwifter than the ſuperior Planets, and 
ſlower than the Moon. 


IV. Of the Surface of the Earth, confidered 
as it is compoſed of Land and Water. 


The Earth conſiſts naturally of two 
Parts, Land and Water; and therefore 


it is called the Terraqueous Globe, Each 


of theſe Elements are ſubdivided into 
various 
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various Forms and Parts, which accordingly 


are diſtinguiſhed by different Names, 
| I. Of the Land. 


The Land is diſtinguiſhed into Continents, 
Hande, Peninſuld s, Iſthmus's, Promontories, 
Mountains, or Coaſts, : 
9. A Continent is a large Quantity of continent. 
Land, in which many great Countries are 
joined together, without being ſeparated 
from each other by the Sea: Such are Eu- 
rope, Afia, Africa, and the vaſt Continent 
of America; which four are the principal 
Diviſions of the Earth. A Continent is 
ſometimes called the Main Land. Main Land 
10. An Iſland is a Country, or Portion ana. 
of Land inviron'd round with Water: 
Such are Great- Britain and Ireland; Sar- 
dinia, Sicily, &c, in the Mediterranean Sea; 
the Jes of Wight, Angleſey, Sc. near 
England, Alſo a ſmall Part of dry Land 
in the midſt of a River, is called an Iſland. 
Sometimes a large Iſland, when compared 
to a leſſer, is called the Continent ; as if 
we compare the Ie of Wight to England, 
the latter may be properly called the Con- 
tinent. 
11. A Peninſula is a Part of Land almoſt Peninſula. 
inviron'd with Water, fave one narrow 
Neck adjoining it to the Continent, or 
which is almoſt an Iſland, Such is Den- 
N G mark 
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mark joining to Germany; alſo Africa is pro- 
perly a large Peninſula joining to Aja. 
Ifthmus. 12, An Iſthmus is a narrow Neck of Land 
joining a Peninſula to the Continent as the 
Iſthmus of Sues, which joins Africa to Aſa; 
that of Panama joining North and South 
America, Oc. | 
Promon- 13. A Promontory 1s a high Part of Land 
rory- ſtretching out into the Sea; and is often 
called a Cape or Headland : Such is the Cape 
of Good Hope, in the South- of Africa: 
Cape Finiſtre, on the Weſt of Spain; alſo 
the Lizard Point, and the Land's End, are 
two Capes or Headlands on the Weſt of 
Mouvtain. England. A Mountain is a high Part of 
Land in the Midſt of a Country, over-top- 
ing the adjacent Parts. 
A Coaſt or 14. A Coaff or Shore is that Part of Land 
Sore: which borders upon the Sea, whether it be 
in Iflands or a Continent: And that Part of 
the Land which is far diſtant from the Sea, 
Inland. is called the Inland Country. Theſe are the 
uſual Diſtinctions of the Land. 
The Water is diſtinguiſhed into Oceans, 
Seas, Lakes, Gulfs, Streights, and Rivers. 
The Ocean 15. The Ocean or Main-Sea, is a vaſt 
,n ſpreading Collection of Water, not divided 
or ſeparated by Lands running between: 
Such is the Atlantick or Weſtern Ocean, 
between Europe and America; the Pacifick 
Ocean or South Sea, (9c, 
| Note, 
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| Note, Thoſe Parts of the Ocean, which 
border upon the Land, are called by various 
Names, according to thoſe of the adjacent 
Countries; as the. Britz/h Sea, the Iriſh Sea, 
the French and Spaniſh Sea, 
| 16. A Late is a Collection of deep ſtand- 4 Lake: 
ing Water, incloſed all round with Land, 
and not having any viſible and open Com- 
| munication with the Sea: But when this 
Lake is very large, it is commonly called a 
| Sea, as the Caſpian Sea in Afia, &c. 
| 17. A Gulf is a Part of the Sea almoſt 4 C. 
| encompaſſed with Land, or that which runs 
up a great Way into the Land; as the Gulf 
of Venice, &c. But if it be very large, tis 
rather called an Inland Sea; as the Baltick 
Sea, the Mediterrancan Sea, the Red Sea, 
or the Arabian Gulf, &c. And a ſmall Part 
of the Sea thus environed with Land is 
uſually called a Bay, If it be but a very 
ſmall Part, or, as it were, a ſmall Arm of 
the Sea that runs but a few Miles between e .. 
the Land, it is called a Creek or Haven. Haven. 
18. A Streigbt is a narrow Paſſage lying 4 Srreight 
between two Shores, whereby two Seas are 
joined together; as the Strezghts of Dover, 
between the Britiſh Bae ga the Ger- 
man Sea; the Streights of Gibraltar, be- 
tween the Allantict and the Mediterranean 
Sea, The Mediterranean itſelf is alſo ſome= 
times called the Streigbts. " 
Theſe are all the neceſſary Terms com- 
monly uſed in Geography. The Names of 
G 2 the 
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the ſeveral Countries, Seas, and all the prin. 
cipal Diviſions of the Earth, the Reader will 
find expreſſed upon the Terreſtrial Globes, 
To give a tolerable Account of the Produce 
of each Country, the Genius of the People, 
their Political Inſtitutions, &c. is properly a 
particular Subject of itſelf, and quite foreign 
to our Deſign, We-ſhall next proceed to 
the Uſe of the Globes; but firſt it may not 
be amiſs to take a ſhort Review of their Ap- 
purtenances. 

Thoſe Circles of the Sphere that are fixed, 
are (as has been already ſaid) drawn upon 
the Globes themſelves; thoſe that are move- 
able, are ſupplied by the Braſs Meridian, 
the Wooden Horizon, and the Quadrant of 
Altitude, 5 | 

1. That Side of the Brazen Meridian, 
which is divided into Degrees, repreſents 
the True Meridian; this Side is commonly 
turned towards the Eaſt; and tis uſual to 


place the Globe ſo before you, that the 


North be to the Right-hand, and the South 
to the Left. The Meridian is divided into 
four Quadrants, each being go Degrees, two 
of which are numbered from that Part of 
the Equincctial which is above the Horizon, 
towards each of the Poles; the other two 
Quadrants are numbered from the Poles 
towards the Equator. The Reaſon why two 
Quadrants of the Meridian are numbered 
from the Equator, and the other two 2 * 
ey . & 1 3 13 3 e 


” 
- 


; 
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the Poles, is becauſe the former of theſe | 
two ſerve to ſhew the Diſtance of any Point : 
on the Globe from the Equator, and the = 
| other to elevate the Globe to the Latitude 
of the Place. j 
| 2. The upper Side of the Wooden Frame, aden 4 
| called the Wooden Horizon, repreſents the“. by 
true Horizon; the Circles drawn upon this 
Plane have been already deſcribed ; we may 
| obſerve, that the firſt Point of P is the 
{ Faſt, and the oppoſite being the firſt Point 
of is the Weſt, the Meridian paſſing 
through the North and South Points. 
| 23. The Qadrant of Altitude is a flexible Quadrant 
Plate of thin Braſs, having a Nut and Screw Tad. 
at one End, to be faſtened to the Meridian 
of either Globe, as Occaſion requires. 'The 
| Edge of this Quadrant, which has the Gra- 
duations upon it called the fiducial Edge, is 
that which is always meant whenever we 
make Mention of the Quadrant of Altitude, 
4. The Horary or Hour Circle is divided uur Cir- 
into twice twelve Hours, the two XII's““ 
coinciding with the Meridian: the upper- 
moſt XII is that at Noon, and the lower- 
moſt towards the Horizon is XII at Night. 
The Hours on the Eaſt Side of the Meri- 
aan are the Morning Hours, and thoſe on 
the Weſt Side the Hours after Noon. The 
Axis of the Globe carries round the Hand 
or Index which points the Hour, and paſſes 
through the Center of the Hour Circle. 

G 3 The 


2 - — — — ps a 
— — . — — —_—_— — — —-— — 3 T3 - — = —— 
2 — ce as; 6 — 3 34 2 * 2 Py 2 -— . * 
— 0 * - Dy a : «*.. 4 * 2 - 5 
2 © aa „ . . — —— 
Fs D 1 — — —— » Wh. 6.4 ; . — ? » 
q = l A 20 — - - b 1 * my "I 


. A" 6 — 
= — — - N 
— * — 
2 
N . - — _ - 2 


86 The Deſcription and Uſe 


The Things above deſcribed are common 
- to both Globes; but there are ſome others 
which are peculiar, or proper to one ſort 


1 of Globe. The two Colures, and the Circles 
4 of Latitude, from the Ecliptick, belong only 
4 to the Celeſtial Globe; alſo the Ecliptick it. 
1 ſelf does properly belong only to this Globe, 
| 9. © a 

i tho' it is always drawn on the Terreſtrial, 


. for the Sake of thoſe that might not have 
$ the other Globe by them. The Equinoc. 
; tial on the Celeſtial Globe is always num- 
bered into 360 Degrees, beginning at the 
Equinoctial Point P; but on the Terre. 
ſtrial, it is arbitrary where theſe Numbers 


1 commence, according to the Meridian of 
4 what Place you intend for your firſt ; and 
N the Degrees may be counted either quite 


round to 360, or both Ways, till they meet 
in the oppoſite Part of the Meridian at 180 


SECT. 
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PROBLEM 1. find the Latitude and 
Longitude of 2 Place upon the 
Globez and, on * e contrary, the 8 
and Longitude being given, to find the 
Place. 


URN the Globe round its Axis, 
till the given Place lies exactly 
under the (Eaſtern Side of the Braſs) Me- 


ridian; then that Degree upon the Meri- 


dian, which is directly over it, is the Lati- 
tude: which is accordingly North or South, 

25 it lies in the Northern or Southern He- 
miſphere. The Globe remaining in the 
{ame Poſition. | 

That Degree upon the Equator which is 
cut by the Brazen Meridian is the Longi- 
tude required, from the firſt Meridian upon 
the Globe. If the Longitude is counted 
both Ways from the firſt Meridian upon the 
Globe, <a we are to conſider, whether the 
given Place lies Eaſterly or Weſter! y from 
the firſt Meridian, and the *** muſt 
be expreſſed accordingly. 
© The 
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The Latitudes of the following Places, 
and upon a Globe where the Longitude is 
reckon'd both Ways from the Meridian of 
London, their Longitudes will be found as 
follow: 


Latitude. Longitude, 
Deg. Deg. 
Rome —— 413 North. 13 Eaſt, 
Paris — 482 N. 21 E. 
Mexico 20 N. 102 W. 
Cape Horn —58 8. 80 W. 


2. The Latitude and Longitude being given 
fo find the Place. 


Seek for the given Longitude in \ the Equa- 
tor, and bring that Point to the Meridian; 
then count from the Equator on the Meri- 
dian the Degree of Latitude given, towards 
the Arctick or Antarctick Pole, according 
as the Latitude is Northerly or Southerly; 
and under that Degree of Latitude lies the 
Place required. 


PRos, II. To find the Difference of Latitude 


betwixt any two given Places. 


Bring each of the Places propoſed ſuc- 
ceſſively to the Meridian, and obſerve where 
they interſect it; then the Number of De- 


e upon the Meridian, contained between 
the 
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the two Interſections, will be the Difference 
of Latitude required, Or, if the Places 
propoſed are on the ſame Side of the Equa- 
tor, having firſt found their Latitudes, ſub- 
tract the leſſer from the greater; but if they 
are on the contrary Sides of the Equator, 
add them both together; and the Difference 


in the firſt Caſe, and the Sum in the latter, 


will be the Difference of Latitude required. 
Thus, the Difference of Latitude betwixt 


| Londen and Reme will be found to be 91 


F. 
= 
on 
2 
* 
% 


Negrees; betwixt Paris and Cape Bonne 
Eſperance 83 Degrees. 


Pros. III. To find the Difference of Lon- 
gitude betwixt any two given Places. 


Bring each of the given Places ſucceſſively 


to the Meridian, and ſee where the Meridian 
cuts the Equator each time; the Number 
of Degrees contained betwixt thoſe two 
Points, if it be leſs than 180 Degrees, other- 
| wiſe the Remainder to 360 Degrees will 
be the Difference of Longitude required. 


| 

Having brought one of the given Places 
to the Meridian, bring the Index of the 
Hour-Circle to 12 o'Clock ; then having 
brought the other Place to the Meridian, 
the Number of Hours contained between 
the Place the Index was firſt ſet at, and the 
Place where it now points, is the Difference 


Y 


of 


The Uſe of 


of Longitude in Time betwixt the tw 
Places. 

Thus the Difference of Longitude he. 
twixt Rome and Con/tantinople, will be fourd 
to be 19 Degrees, or 1 Hour and Quar. 
ter; betwixt Mexico and Pekin in Ching, 
140 Degrees, or 9 Hours. 


Pros. IV. Any Place being given, t f 
all thoſe Places that are in the ſame Lati- 
tude with the ſaid Place. 


The Latitude of the given Place being 
marked upon the Meridian, turn the Gloke 
round its Axis, and all thoſe Places that pak 
under the ſame Mark, are in the ſame La. 
titude with the given Place, and have their 
Days and Nights of equal Lengths. And 
when any Place is brought to the Meridian, 
all the Inhabitants, that lie under the upper 
Semicircle of it, have their Noon or Mid- 
day at the ſame Point of abſolute Time ex- 
actly. 


tam "> * IM 


Pros. V. The Day of the Month being 
given, to find the Sun's Place in the Eclip- 
tick, and his Declination. 


1. To find the Sun's Place: Look for the 
Day of the Month given in the Calendar of 
Months upon the Horizon, and right again W : 
it you'll find that Sign and Degree 5 oy | 

clip- | 
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Ecliptick which the Sun is in. The Sun's 
place bug thus found, look for the ſame 
in the Ecliptick Line which is drawn upon 
the Giobe, and bring that Point to the Me- 
ridian ; then that Degree of the Meridian, 
which is directly over the Sun's Place, is the 
Declination required, which is accordingly 
zither North or South, as the Sun is in the 
Northern or Southern Signs. Thus, 


Sun's Place, Declination. 
Deg. Min. Deg. Min. 
April 12 0-13.00 18 32 
July 20 F 
„ 
January 9g N O 17 20 07 8. 


Prop. VI. Jo rectißy the Globe for the La- 
titude, Zenith, and the Sun's Place. 


1. For the Latitude : If the Place be in 
the Northern Hemiſphere, raiſe the Arctick 
Pole above the Horizon ; but for the South 
Latitude, you muſt raiſe the Antarctick; 
then move the Meridian up and down in 
the Notches, until the Degrees of the Lati- 


is adjuſted to the Latitude. 


I. To rectiſy the Globe for the Zenith: 
Having elevated the Globe according to the 


Latitude, count the Degrees thereof uin 
e 


tude counted upon the Meridian below the 
Pole cuts the Horizon; and then the Globe 


31 


f 
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the Meridian from the Equator towards the 
elevated Pole, and that Point will be the Ze. 
nich or the Vertex of the Place: to this Point 
of the Meridian faſten the Quadrant of Alti- 
| tude, fo that the graduated Edge thereof 
may be joined to the ſaid Point. 

3. Bring the Sun's Place in the Ecliptick 
to the Meridian, and then ſet the Hour. 
Index to XII at Noon, and the Globe will 
be rectified fo the Sun's Place. 

If vou have a little Mariner's Compaſs, 
tne Meridian of the Globe may be eaſily ſet 
to the Meridian of the Place. | ; 


Pros. VII. To find the Diflance betævren 
any two given Places upon the Glite, 
and to find all thoſe Places upon the 
Globe that are at the ſame Diſtance from 
a grven Place. 


Lay the Quadrant of Altitude over both 


the Places, and the Number of Degrees | 
intercepted between them being reduced 


into Miles, will be the Diſtance required: 


Or, you may take the Diſtance betwixt the | 


two Places with a Pair of Compaſſes, and 


applying that Extent to the Equator, you'll 


have the Degrees of Diſtance as before. 


Note, A Geographical Mile is the ht 


Part of a Degree; wherefore if you multi- 
ply the Number of Degrees by 60, the Pro- 
duct will be the Number of n 

| les 
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Miles of Diſtance ſought; but to reduce 
the ſame into Enghſh Miles, you muſt mul- 
N tply by 70, becauſe about 70 Engliſb Miles 


make a Degree of a great Circle upon the 


Superficies of the Earth. 


Rome will be found to be about 13 Degrees, 
which 1s 780 Geographical Miles. ; 

If you rectify the Globe for the Latitude 
and Zenith of any given Place, and bring 
the ſaid Place to the Meridian; then turn- 
ing the Quadrant of Altitude about, all 


of it, are at the ſame Diſtance from the 
given Place. 


Pros, VIII. To find the Angle of Poſition 
of Places; or, the Angle formed by the 
Meridian of one Place, and a great Cir- 


cle paſſmg through both the Places. 


Having rectified the Globe for the Lati- 
tude and Zenith of one of the given Places, 
bring the ſaid Place to the Meridian, then 
turn the Quadrant of Altitude about until 
the fiducial Edge thereof cuts the other 
Place, and the Number of Degrees ugon 
the Horizon contained between the F: 
JW £dze and the Meridian, will be the Angle 
ef Poſition fought. 
Thus, the Angle of Poſition at the Li- 


ard, between the Meridian of the eng n 
an 


Thus, the Diſtance betwixt London and 


thoſe Places that are cut by the ſame Point 


NJ 
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and the great Circle paſſing from thence 
to Barbadbes is 69 Degrees South Weſterly, 
but the Angle of Poſition between the ſame 


Places at Barbadves, is but 38 Degrees 
North-Eaſterly. ; 


SCHOLIUM. 


The Angle of the Poſition between two 
Places is a different thing from what is 
meant by the Bearings of Places; the Bear- 
ings of two Places 1s determined by a fort 
of ſpiral Line called a Rhumb Line, pak- 
ing between them in ſuch a manner, as to 
make the ſame or equal Angles with all the 


Meridians through which it paſſeth: but the 
Angle of Poſition is the very fame thing | 
with what we call the Azimuth in Aſtrono- 
my ; both being formed by the Meridian and } 
a great Circle paſſing thro' the Zenith of a 
given Place, and a given Point, either in 
the Heavens, then called the Azimuth, or 
upon the Earth, then called the Angle of 


Poſition. 


From hence may be ſhewed the Error of 
that W e Paradox, viz. If a Place 
kgars from another B due Weſt, B ſhall 
not bear from A due Eaſt. I find this Para- 


A 


dox vindicated by an Author, who at the 
fame time gives us a true Definition of a 


Rhumb Line: but his Arguments are un- 


geometrical ; for if it be admitted, 1 
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Faſt and Weſt Lines make the ſame Angles 
with all the Meridians through which 

b, it will follow that theſe Lines are the 
Parallels of Latitude: For any Parallel 
of Latitude is the Continuation of the Sur- 
fice of a Cone, whoſe Sides are the Radii 
of the Sphere, and Circumference of its 
Baſe the ſaid Parallel: and it is evident, 
that all the Meridians cut the ſaid Surface 
at right (and therefore at equal) Angles; 


Faſt and Weſt are the Parallels of Lati- 
tude: though the Caſe may ſeem different, 
when we draw inclining Lines (like Meri- 
dans) upon Paper, without carrying our 
Ideas any farther. 


Props, IX. To find the Antceci, Periœci, and 
Antipodes t any given Place, 


Bring the given Place to the Meridian, and 
having found its Latitude, count the ſame 


tne Equator towards the contrary Pole, 
and that will give the Place of the Antæci. 
The Globe being till in the ſame Poſition, 


turn the Globe about till the Index points to 
the lower XII; the Place which then lies 
under the Meridian having the ſame Lati- 


de with the given Place, is the Periæci 
Y quired, As the Globe now ſtands, the 


An- 


whence it follows, that the Rhumbs of 


Number of Degrees on the Meridian from 


et the Hour-Index to XII at Noon, then 
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Antipodes of the given Place are under the 
ſame Point of the Meridian, that its 4. 
tæci ſtood before: Or, if you reckon 180 
Degrees upon the Meridian, from the given 
Place, that Point will be the Antipodes. 
Let the given Place be London, in the La- 
titude of 51 Degrees North; that Place 
which lies under the ſame Meridian, and in 
the Latitude of 51: Degrees South, is the 
Antæci: that which lies in the ſame Paral. 
lel with London, and 180 Degrees of Lon- 
itude from it, is the Periæci; and the An- 
tipodes is that Place whoſe Longitude from 
London is 100 Degrees, and Latitude 51. 
Degrees South. 


PROB. X. The Hour of the Day at on 
Place being given, to find the corre- 


ſpondent Hour (or what o'Clock it is at 


that Time) in any other Place. 


The Difference of Time betwixt two 
Places is the ſame with their Difference of 
Longitude; wherefore having found their 
Difference of Longitude, reduce it into Time, 
(by allowing one Hour for every 1 5 Degrees, 
Sc.) and if the Place where the Hour is 


required lies 1 d | from the Place 


Weſterly, 


ST 
where the Hour is given, 0 Subtract 5 the 


Difference or Longitude reduced into Time 
| 3 


Lot — gn — -— 6 
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to 
* 
Remainder will accordingly be the Hour re- 
quired. Or, 

Having brought the Place at which the 
Hour is given to the Meridian, ſet the Hour- 
Index to the given Hour; then turn the 
Globe about until the Place where the Hour 
is required comes to the Meridian, and the 
Index will point out the Hour at the ſaid 
Place. 


Je Hour given; and the Sum or 


Thus when it is Noon at London, it is 


Rome — 0 3 PF. NM. 
At Conſtantinople —— ——2 o7 P.M. 
Vera-Cruz —5 30 A. M. 
Pequin in China +80 X. 


PROB. XI. The Day of the Month being 
given, to find thoſe Places on the Globe 
where the Sun will be Vertical, or in the 
Zenith, that Day. 


Having found the Sun's Place in the 
Ecliptick, bring the fame to the Meridian, 
and note the Degree over it ; then turning 
the Glove round, all Places that paſs under 
55 Degree will have the Sun vertical that 

ay. 
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PRoB. XII. A Place being given in the 
Torrid Zone, to find thoſe two Days 
in which the Sun ſhall be Vertical to the 


ſame. 


Bring the given Place to the Meridian, 
and mark what Degree of Latitude is ex- 
actly over it; then turning the Globe about 
its Axis, thoſe two Points of the Eclip- 
tick, which paſs exactly under the faid 
Mark, are the Sun's Place; againſt which, 
upon the Wooden Horizon, you'll have the 
Days required, 


PRoB. XIII. To find where the Sun is Ver- 
tical at any given Time aſſigned; or the 
Day of the Month and the Hour at any 
Place (ſuppoſe London) being given, t 
find in what Place the Sun is Vertical at 
that very Time, 


Having found the Sun's Declination, and 
brought the firſt Place (London) to the Me- 
ridian, ſet the Index to the given Hour, 
then turn the Globe about, until the Index 
points to XII at Noon; which being done, 
that Place upon the Globe which ſtands un- 
der the Point of the Sun's Declination upon 
the Meridian, has the Sun that Moment in 
the Zenith, 


P ROB. 
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PROB. XIV. The Day, and the Hour of 
the Day at one Place, being given; to 
find all thoſe Places upon the Earth, 
where the Sun is then Riſing, Setting, Cul - 
minating (or on the Meridian ;) alſo where 
it is Day-Ligbt, Twilight, Dark Night, 
Mid- night; where the Twilight then be- 
gins, and where it ends; the Height of 
the Sun in any Part of the illuminated 
Hemiſphere; alſo his Depreſſion in the 
obſcure Hemiſphere. 


Having found the Place where the Sun 
Is Vertien at the given Hour, rectify the 
Globe for that Latitude, and bring the ſaid 
Place to the Meridian. 

Then all thoſe Places that are in the 
Weſtern Semicircle of the Horizon, have 
the Sun riſing at that Time. 

Thoſe in the Eaſtern Semicircle have it 


ſetting, 


To thoſe who live under the upper Semi- 
circle of the Meridian, it is 12 o'Clock at 
Noon. And, 


Thoſe who live under the lower Semi- 


circle of the Meridian have it at Midnight. 
All thoſe Places that are above the Ho- 
rizon, have the Sun above them, juſt ſo 
much as the Places themſelves are diſtant 
from the Horizon ; which Height may be 
known. by fixing the Quadrant of Altitude 

H 2 in 
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in the Zenith, and laying it over any par. 
ticular Place, | 

In all thoſe Places that are 18 Degrees 
below the Weſtern Side of the Horizon, the 
Twilight is juſt beginning in the Morning, 
or the Day breaks. And in all thoſe Places 
that are 18 Degrees below the Eaſtern Side 
of the Horizon, the Twilight 1s ending, 
and the total Darkneſs beginning. 

The Twilight is in all thoſe Places whoſe 
Depreſſion below the Horizon does not ex- 
ceed 18 Degrees. And 

All thoſe Places that are lower than 13 
Degrees have dark Night. 


The Depreſſion of any Place below the | 


Horizon is equal to the Altitude of its An- 
tipodes, which may be eaſily found by the 
Quadrant of Altitude. 


PROB. XV. The Day of the Month being 


given; to ſhew, at one View, the Length 
of Day and Night in all Places upon the 
Earth at that Time; and to explain how 
the Viciſſitudes of Day and Night are 
really made by the Motion of the Earth 


round ber Axis in 24 Hours, the Sun 


ſtanding till. 


The Sun always illuminates one half of 
the Globe, or that Hemiſphere which 1s 
next towards him, while the other remains 
in Darkneſs: And if (as by the laſt Problem) 

« we 
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we elevate the Globe according to the Sun's 
Place in the Ecliptick, it is evident, that the 
Sun (he being at an immenſe Diſtance from 
the Earth) illuminates all that Hemiſphere, 
which 1s above the Horizon; the Wooden 
Horizon itſelf will be the Circle termina- 
ting Light and Darkneſs; and all thoſe 
Places that are below it, are wholly deprived 
of the Solar Light. 

The Globe ſtanding in this Poſition, thoſe 
Arches of the Parallels of Latitude which 
ſtand above the Horizon, are the Diurnal 
Arches, or the Length of the Day in all 
thoſe Latitudes at that Time of the Year ; 
and the remaining Parts of thoſe Parallels, 


which are below the Horizon, are the Noc- 


turnal Arches, or the Length of the Night 
in thoſe Places. The Length of the Diur- 
nal Arches may be found, by counting how 
many Hours are contained between the two 
Meridians, cutting any Parallel of Latitude, 
in the Eaſtern and Weſtern Parts of the Ho- 
rizon. 

In all thoſe Places that are in the Weſtern 
Semicircle of the Horizon, the Sun appears 
riſing: for the Sun, ſtanding ſtill in the 
Vertex (or above the Braſs Meridian) ap- 
pears Eaſterly, and go Degrees diſtant from 
all thoſe Places that are in the Weſtern Se- 
micircle of the Horizon; and therefore in 
thoſe Places he is then rifing. Now, if 
we pitch upon any particular Place upon 
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the Globe, and bring it to the Meridian, 
and then bring the Hour-Index to the 
lower 12, which in this Caſe we'll ſu 


poſe to be 12 at Noon; (becauſe otherwiſe 
the Numbers upon the Hour Circle will 


not anſwer our Purpoſe) and afterwards 


turn the Globe about, until the aforeſaid 
Place be brought to the Weſtern Side of the 
Horizon; the Index will then ſhew the 
Time of Sun-riſing in that Place. Then 


turn the Globe gradually about from 


Weſt to Faſt, and minding the Hour- 
Index, we ſhall ſee the Progreſs made 
in the Day every Hour, in all Latitudes 
upon the Globe, by the real Motion 
of the Earth round its Axis; until, by 
their continual Approach to the Braſs 
Meridian (over which the Sun ſtands 
{till all the while) they at laſt have 
Noon Day, and the Sun appears at the 
higheſt; and then by Degrees, as they 
move Eaſterly, the Sun ſeems to decline 
Weſtward, untill, as the Places ſucceſ- 
ſively arrive in the Eaſtern Part of the 
Horizon, the Sun appears to ſet in the 
Weſtern; For the Places that are in the Ho- | 
rizon, are go Degrees diſtant from the Sun. 
We may obſerve, that all Places upon the 
Earth, that differ in Latitude, have their 
Days of different Length, (except when the 
Sun 1s in the Equinoctial) being longer or 
ſhorter, in proportion to what Part of the 

ES Parallels | 
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Parallels ſtands above the Horizon. Thoſe 
that are in the ſame Latitude, have their 
Days of the ſame Length ; but have them 
commence ſooner or later, according as the 


Places differ in Longitude, 


PROB. XVI. To explain in general the Al. 

| teration of Seaſons, or Length of the Days 
and Nights, made in all Places of the 
World, by the Sun's (or the Earth's) an- 
nual Motion in the Ecliptick. 


It has been ſhewed in the laſt Problem, 
how to place the Globe in ſuch a Poſition, 
as to exhibit the Length of the Diurnal and 
Nocturnal Arches in all Places of the Earth, 
at a particular Time: If the Globe be con- 
tinually rectified, according as the Sun al- 
ters his Declination, (which may be known 
by bringing each Degree of the Ecliptick 
ſucceſſively to the Meridian) you'll ſee the 
gradual Increaſe or Decreaſe made in the 
Days in all Places of the World, according 
as a greater or leſſer Portion of the Paral- 
lels of Latitude ſtands above the Hori- 
zon. We ſhall illuſtrate this Problem by 
Examples taken at different Times of the 
Year, | 

1. Let the Sun be in the firſt Point of S, 
(which happens on the roth of June) that 
Point being brought to the Meridian, will 
ſhew the Sun's Declination to be 23 Degrees 

H 4 North ; 
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North; then the Globe muſt be rectified to 


the Latitude of 234 Degrees; and for the bet. 
ter Illuſtration of the Problem, let the firſt 
Meridian upon the Globe be brought under 
the Braſs Meridian. The Globe being in 
this Poſition, you'll ſee at one View the 
Length of the Days in all Latitudes, by 
counting the Number of Hours contained 
berween the two extreme Meridians, cutting 
any particular Parallel you pitch upon, in 
the Eaſternand Weſtern Part of the Horizon, 
And you may obſerve, that the Lower Part 
of the Arctick Circle juſt touches the Hori- 
zon, and conſequently all the People who 
live in that Latitude have the Sun above their 
Horizon for the Space of 24 Hours, without 
ſetting ; only when he 1s in the Lower Part 
of the Meridian (which they would call 12 
at Night) he juſt touches the Horizon, 
Toall thoſe who live between the ArQtick 
Circle and the Pole, the Sun does not ſet; 
and its Height above the Horizon, when 


he is in the Lower Part of the Meridian, is } 


equal to their Diſtance from the Arctick Cit- 
cle: For Example, Thoſe who live in the 


83d Parallel have the Sun when he is loweſt | 


at this Time 13: Degrees high. 


If we caſt our Eye Southward, towards | 
the Equator, we ſhall find, that the Diurnal | 


Arches, or the Length of the Days in the 
ſeveral Latitudes, gradually leſſen: The 
Diurnal Arch of the Parallel of Londen P 

this 
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this Time is 16 3 Hours; that of the Equator 
(is always) 12 Hours; and ſo continually 
leſs, till we come to the Antarctick Circle, 
the upper Part of which juſt touches the 
Horizon ; and thoſe who live in this Lati- 
tude have juſt one Sight of the Sun, peeping 
xx it were in the Horizon. And all that 
Space between the Antarctick Circle and 
the South Pole, lies in total Darkneſs. 

If from this Poſition we gradually move 
the Meridian of the Globe, according to the 
progreſſive Alterations made in the Sun's 
Declination, by his Motion in the Ecliptick ; 
we ſhall find the Diurnal Arches of all thoſe 
Parallels, that are on the Northern Side of 
the Equator, continually decreaſe ; and thoſe 
on the Southern Side continually increaſe, 
in the ſame Manner as the Days in thoſe 
Places ſhorten and lengthen. Let us again 
obſerve the Globe when the Sun has got 
within 10 Degrees of the EquinoCtial ; now 
the Lower Part of the 8oth Parallel of North 
Latitude juſt touches the Horizon, and all 
the Space betwixt this and the Pole, falls in 
the illuminated Hemiſphere ; but all thoſe 
Parallels that lie betwixt this and the Arctick 
Circle, which before were wholly above 
the Horizon, do now interſect it, and the 
Sun appears to them to riſe and ſet. From 
hence to the Equator, we ſhall find that 
the Days have gradually ſhortened ; and from 
the Equator Southward, they have gra- 
| 3 dually 
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round its Axis can't be obſerved, . It 


The Uſe of 

dually lengthened, until we come to the 
goth Parallel of South Latitude; the upper 
Part of which juſt touches the Horizon, 
and all Places betwixt this and the South 
Pole are in total Darkneſs; but thoſe Para]. 
lels betwixt this and the Antarctick Circle 
which before were wholly upon the Ho- 
rizon, are now partly above it; the Length 
of their Days being exactly equal to that of 
the Nights in the ſame Latitude in the con- 
trary Hemiſphere. This alſo holds univer. 
fally, that the Length of the Day in one 
Latitude North, is exactly equal to the 
Length of the Night in the ſame Latitude 
South; and vice verſa. 

Let us again follow the Motion of the 
Sun, until he has got into the Equinoctial, 
and take a View of the Globe while it is in 
this Poſition, Now all the Parallels of La- 
titude are cut into two equal Parts by the 
Horizon, and conſequently the Days and 
Nights are of equal Lengths, viz. 12 Hours 
each in all Places of the World ; the Sun 
riſing and ſetting at Six o'Clock, excepting 
under the two Poles, which now lie exadt- 
ly in the Horizon : Here the Sun ſeems to 
ſtand ſtill in the ſame Point of the Heavens | 
for ſome Time, until by degrees, by his Mo- 
tion in the Ecliptick, he aſcends higher to 
one, and diſappears to the other, there be- 
ing properly no Days and Nights under the 
Poles; for there the Motion of the Earth 
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If we follow the Motion of the Sun to- 
wards the Southern Tropick, we ſhall ſee 
the Diurnal Arches of the Northern Parallels 
continually decreaſe, and the Southern ones 
incceaſe. in the ſame Proportion, according 


io their reſpective Latitudes: the North 


Pole continually deſcending, and the South 
Pole aſcending above the Horizon, until 
the Sun arrives into W, at which Time all 
the Space within the Antarctick Circle is 
above the Horizon; while the Space be- 
tween the Ar@ick Circle, and its neigh- 
bouring Pole, is in total Darkneſs, And we 
ſhall now find all other Circumſtances quite 
reverſe to what they were when the Sun 
was in S; the Nights now all over the 
World being of the ſame Length that the 
Days were of before, | 

We have now got to the Extremity of 
the Sun's Declination; and if we follow 
him through the other half of the Ecliptick 


find the Seaſons return in their Order, un- 
til at length we bring the Globe into its firſt 
Poſition, | 

The two foregoing Problems were not, 
as I know of, publiſhed in any Book on this 
Subject before; and I have dwelt the longer 
upon them, becauſe they very well illuſtrate 
how the Viciſſitudes of Days and Nights 


and rectify the Globe accordingly, we ſhall / 


are made over all the World by the _—_ 
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of the Earth round her Axis; the Horizon 
of the Globe being made the Circle, ſepa. 
rating Light and Darkneſs, and fo the Sun, 
to ſtand ſtill in the Vertex. And if wereally 
could move the Meridian, according to the 
Change of the Sun's Declination, we ſhould 
ſee at one View the continual Change made 
in the Length of Days and Nights, in all 
Places on the Earth: But as Globes are fitted | 
up, this cannot be done; neither are they | 
adapted for the common Purpoſes, in Places 
near the Equator, or any where in the 
Southern Hemiſphere. I have thereſore 
cauſed theſe Inconveniences to be remedied; | 
which, together with ſome farther Improve- | 
ments on the Globes, I may take another | 
Opportunity to publiſh, 


PRoB. XVII. To fhew by the Globe, at one 
View, the Length of the Days and Nights } 
in any particular Places, at all Times of | 
the Year. | 


Becauſe the Sun, by his Motion in the 
Ecliptick, alters his Declination a ſmall Mat- 
ter every Day; if we ſuppoſe all the Tor- | 
rid Zone to be filled up with a Spiral Line, } 
having ſo many Turnings; or a Screw having | 
ſo many Threads, as the Sun is Days in go- | 
ing from one Tropick to the other: and | 
theſe Threads at the ſame Diſtance from one | 


another in all Places, as the Sup alters his 
Decli- 
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Declination in one Day in all thoſe Places 
reſpectively: This Spiral Line or Screw will 
repreſent the apparent Paths deſcribed by 
the Sun round the Earth every Day ; and 
by following the Thread from one Tropick 


to the other, and back again, we ſhall have 


the Path the Sun ſeems to deſcribe round 
the Earth in a Year. But becauſe the Incli- 
nations of theſe Threads to one another 
re but ſmall, we may ſuppoſe each Diurnal 
Path to be one of the Parallels of Latitude, 
dun, or ſuppoſed to be drawn upon the 
Globe. Thus much being premiſed, we 
ſhall explain this Problem, by placing the 
Globe according to ſome of the moſt remark- 
able Poſitions of it; as before we did for the 
moſt remarkable Seaſons of the Year, 
Inthepreceding Problem, the Globe being 
rectified according to the Sun's Declination, 
the upper Parts of the Parallels of Latitude 
repreſented the Diurnal Arches, or the 
Length of the Days all over the World at 
that particular Time: Here we are to rectify 
the Globe according to the Latitude of the 
Place, and then the upper Parts of the Pa- 
rallels of Declination are the Diurnal Arches; 
and the Length of the Days at all Times of 


the Year, may be here determined, by find- 


ing the Number of Hours contained be- 
tween the two extreme Meridians, which cut 
any Parallel of Declination, in the Eaſtern 


and Weſtern Points of the Horizon ; ys 
tne 
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Arches will continually increaſe, until we 


The Uſe of 
the ſame Manner as before we found the 
Length of the Day in the ſeveral Latitude; 
at a particular Time of the Year. 

t. Let the Place propoſed be under the 
Equinoctial, and let the Globe be accord 
ingly rectifed for oo Degrees of Latitude, 
which is called a direct Poſition of the Sphere, 
Here all the Parallels of Latitude, which in 
this Caſe we'll call the Parallels of Declina- 
tion, are cut by the Horizon into twoequal 
Parts; and conſequently thoſe who lire 
under the Equinoctial have the Days and] 
Nights of the ſame Length at all Times of 
the Year; alſo in this Part of the Earth, 
all the Stars riſe and ſet, and their Conti- 
nuance above the Horizon is equal to their 
Stay below it, vz2. 12 Hours, 

If from this Poſition we gradually move 
the Globe according to the ſeveral Altera- 


tions of Latitudes, which we will ſuppoſe to 
be Northerly ; the Lengths of the Diurnal 


come to a Parallel of Declination, as far 
diſtant from the Equinoctial, as the Place it 
ſelf is from the Pole. This Parallel will 
juſt touch the Horizon, and all the Heaven- 
ly Bodies that are betwixt it and the Pole 
never deſcend below the Horizon. In the 
mean time, while we are moving the Globe, 
the Lengths of the Diurnal Arches of the 
Southern Parallels of Declination, continu- 


ally diminiſh in the ſame Proportion 55 
: 
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the Northern ones increaſed; until we come 
to that Parallel of Declination which is ſo 
far diſtant from the Equinoctial Southerly, 


The upper Part of this Parallel juſt touches 
the Horizon, and all the Stars that are be- 
hct it and the South Pole never appear 
above the Horizon. All the Nocturnal Ar- 
ches of the Southern Parallels of Declina- 
tion, are exactly in the fame Length with 
the Diurnal Arches of the correſpondent 
Parallels of North Declination. | 
2, Let us take a view of the Globe, when 
it is rectified for the Latitude of London, 


in the Tropick of S, the Day is about 
16: Hours; ashe recedes from this Tropick, 
the Days proportionably ſhorten, until he 
arrives into W, and then the Days are at the 
ſhorteſt, being now of the ſame Length with 
the Night when the Sun was in S, v2. 


of Declination, which is 38. Degrees from 
the EquinoCtial Northerly, juſt touches the 
Horizon ; and all the Stars that are betwixt 
this Parallel and the North Pole, never ſet 
to us at London. In like manner the upper 
Part of the Southern Parallel of 38 Degrees 
juſt touches the Horizon, and all the Stars 
that lie betwixt this Parallel and the South 
Pole are never viſible in this Latitude. 
Again, let us rectify the Globe for the 
Latitude of the Arctic Circle, we _ 
tnen 


3 the Place it ſelf is from the North Pole. 


or 51: Degrees North, When the Sun is 


7: Hours, The lower Part of that Parallel 
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then find, that when the Sun is in ©, he 
touches the Horizon on that Day, without 
ſetting, being 24 Hours compleat above the 
Horizon ; and when he is in Capricorn, he 
once appears in the Horizon, but does not 
riſe in the Space of 24 Hours: When he; 
in any other Point of the 3 gk the 
Days are longer or ſhorter, according to his 
Diſtance from the Tropicks. All the Star 
that lie between the Tropick of Cancer, and 
the North Pole, never ſet in this Latitude, 
and thoſe that are between the Tropick of 
Capricorn and the South Pole, are always 
hid below the Horizon. | 
It we elevate the Globe ſtill higher, the 
Circle of perpetual Apparition will be nearer 
the Equator, as will that of perpetual Oc- 
cultation on the other Side, For Example, 
Let us rectify the Globe for the Latitude of 
80 Degrees North ; when the Sun's Decli- 
nation 1s 10 Degrees North, he begins to 
turn above the Horizon without ſetting, and 
all the while he is making his Progreſs from 
this Point to the Tropick of S, and back 
again, he never ſets. After the ſame Manner, 
when his Declination is 10 Degrees South, 
he is juſt ſeen at Noon in the Horizon; and 
all the while he is going Southward, and 
back again, he diſappears, being hid juſt ſo 
long as before, at the oppoſite Time of the 
Year he appeared viſible. 
Let us now bring the North Pole into 
the Zenith, then will the Equinoctial - 
incide 
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incide with the Horizon; and conſequent- 
ly all the Northern Parallels are above. the 
Horizon, and the Southern ones below it. 


Here is but one Day and one Night through- 


out the Year ; it being Day all the while 
the Sun is to the Northward of the Equi- 
noctial, and Night for the other half Year. 
All the Stars that have North Declination 
always appear above the Horizon, and at 
the lame Height; and all thoſe that are on 
the other Side, are never ſeen. 

What has been here ſaid of rectifying the 
Globe to North Latitude, holds for the ſame 
Latitude South; only that before the longeſt 
Days were, when the Sun was in S, the 
lame happening now when the Sun is in W: 
and ſo of the reſt of the Parallels, the Sea- 
ſons being directly oppoſite to thoſe who 
live in different Hemiſpheres. 

I ſhall again explain ſome Things deli- 
vered above in general Terms, by particular 
Problems. V 

But from what has been already ſaid, we 
may firſt make the following Obſervations: 


1. All Places of the Earth do equally en- 
joy the Benefit of the Sun, in reſpect of Time, 
and are equally deprived of it ; the Days at 
one Time of the Year being exactly equal to 

the Nights at the oppoſite Seaſon. | 
2. In all Places of the Earth, ſave ex- 
actly under the Poles, the Days and Nights 
I | are 
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The Uſe of 
are of equal Length, (viz. 12 Hours each) 
when the Sun is in the Equinoctial. 

3. Thoſe who live under the Equinoctial 
have the Days and Nights of equal Lengths, 
at all Times of the Year. | 
4. Tn all Places between the Equinofial 
and the Poles, the Days and Nights are never 
equal, but when the Sun is in the Equinoctial 
Points P and Mm. 

5. The nearer any Place is to the Equa- 
tor, the leſs is the Difference between the 
Length of the Artificial Days and Nights in 
the ſaid Place; and the more remote, the 
greater. 

6. To all the Inhabitants lying under the 


fame Parallel of Latitude, the Days and 


Nights are of equal Lengths, and that at all 
Times of the Year. 

7. The Sun is Vertical twice a Near, 10 
all Places between the Tropicks; to thoſe un- 
der the Tropicks, once a Year, but never any 
where elſe, 

8. In all Places between the Polar Cirches 
and the Poles, the Sun appears ſome Number 
of Days without ſetting ; and, at the oppoſite 


Time of the Year, be is for the ſame Lengthif 


Time without riſing: and the nearer unt0, 
or further remote from the Pole, thoſe Places 
are, the longer or ſhorter is the Sun's continued 

Preſence in, or Abſence from the ſame. 
9. In all Places lying exa&tly under the 
Polar Circles, the Sun, when he is in the 
neareſt 
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neareſt Tropick, appears 24 Hours without 


ſetting ; and when be is in the contrary Tro+ 
pick, be is for the ſame Length of Time without 
rifing ; but at all other Times of the Year be 
riſes and ſets there, as in other Places. 
; Es Northern 

10. In all Places lying in the e | 
Hemiſphere, the longeſt Day, and ſhort- 
eft Night, is when the Sun is in the 
2 i Tropick; and the contrary, 


PROB. XVIII. The Latitude of any Place, 
not exceeding 66 Degrees, and the Day 
of the Month being given; to find the 
Time of Sun-riſing and ſetting, and the 
Length of the Day and Night. 


Having rectified the Globe according to 
the Latitude, bring the Sun's Place to the 
Meridian, and put the Hour Index to 12 at ; 
Noon; then bring the Sun's Place to the | 
Eaſtern Part of the Horizon, and the Index 
will ſhew the Time when the Sun riſes. 
Again, turn the Globe until the Sun's Place 
be brought to the Weſtern Side of the Ho- 
rizon, and the Index will ſnew the Time of 
dun-ſetting. LEE 
| The Hour of Sun-ſetting doubled, gives 
the Length of the Day ; and the Hour of 
5 Sun-rifing doubled gives the Length of the 
ö Night. 
ü MITES. Let 
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Let it be required to find when the Sun 
riſes and ſets at London on the 2oth of April: 
Rectify the Globe for the Latitude of Loy. 
don, and having found the Sun's Place, cor. 
reſponding to April the 20th, viz. & 10; 
Degrees, bring 8 104 Degrees to the Me- 
ridian, and ſet the Index at 12 at Noon; 
then turn the Globe about till & 104 De- 
grees be brought to the Eaſtern Part of the 
Horizon, and you'll find the Index point 
4 3+ Hours; this being doubled, gives the 
Length of the Night 9 Hours. Again, 
bring the Sun's. Place to the Weſtern Part 
of the Horizon, and the Index will point 

Hours, which is the Time of Sun-ſct- 
ing; this being doubled, gives the Length 
of the Day 14 Hours, 


Pros, XIX. To find the Length of the 
' longeſt and ſhorteſt Day and Night in 
any given Place, not exceeding 66 3 De- 
grees of Latitude. 
Note, The longeſt Day at all Places on 


the] Yr Side of the Equator, is when 


South 


the Sun is in the firſt Point of | Cn | . 
Capricorn: 


Wherefore having rectified the Globe for the 


Latitude, find the Time of Sun-rifing and 
ſetting, and thence the Length of the Day 
and Night, as in the laſt Problem, according 
to the Place of the Sun: Or having * 

| e 
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the Globe for the Latitude, bring the Solſtitial 
Point of that Hemiſphere to the Eaſt Part of 
the Horizon, and ſet the Index 12 at Noon 
then turning the Globe about till the ſaid Sol- 


ſtitial Point touches the Weſtern Side of the 


Horizon ; the Number of Hours from Noon 
to the Place where the Index points (being 
counted according to the Motion of the In- 
dex) is the Length of the longeſt Day; the 
Complement whereof to 24 Hours, is the 
Length of the ſhorteſt Night, and the Re- 
verſe gives the ſhorteſt Day and the longeſt 
Night. 
Longeſt Day. Short. N. 
Deg. Hours. Hours. 


| 45 —— 15} 8 
Tinsin Lat. 51! 161 — 7 
60 175 52 


If from the Length of the Longeſt Day, 
you ſubtract 12 Hours, the Number of Half 
Hours remaining will be the Climate: Thus 
that Place where the longeſt Day is 16+ 
Hours, lies in the gth Climate. And by the 


Reverſe, having the Climate, you have there- 


by the Length of the longeſt Day. 


Pros. XX, To find in what Latitude the 
longeſt Day is, of any given Length leſs 
than 24 Hours. 


Bring the Solſtitial Point to the Meridian, 


and ſet the Index to 12 at Noon ; then turn 
the Globe Weſtward till the Index points at 
5 13 . - . -halt 
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half the Number of Hours given : which 
being done, keep the Globe from turning 
round its Axis, and flide the Meridian up or 
down in the Notches, till the Sol ſtitial Point 
comes to the Horizon, then that Elevation 
of the Pole will be the Latitude. 

If the Hours given be 16, the Latitude is 
49 Degrees; it 20 Hours, the Latitude is 
63 : Degrees, 


Pros. XXI. A Place being given in one of 
the Frigid Zones (, ſuppoſe the Northern) ts 
find what Number of Days (of 24 Heurs 
each) the Sun doth conſtantly ſhine upon the 
fame, how long he is abſent, and alſo the 
firſt and laſt Day of his Appearance. 
Having rectified the Globe according to 
the Latitude, turn it about until ſome Point 
in the firſt Quadrant of the Ecliptick (be- 
cauſe the Latitude is North) interſects the 
Meridian in the North Point of the Horizon; 
and right againſt that Point of the Ecliptick 
on the Horizon, ſtands the Day of the 
Month when the longeſt Day begins. 
And if the Globe be turned about till 
ſome Point in the ſecond Quadrant of the 
Ecliptick cuts the Meridian in the ſame Point 
of the Horizon, it will ſhew the Sun's Place 
when the longeſt Day ends; whence the 
Day of the Month may be found as before. 
Then the Number of Natural Days con- 


tained betwen the Times the longeſt Day 


begins 
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begins and ends, is the Length of the long- 
eſt Day required. 

Again, turn the Globe about, until ſome 
Point in the third Quadrant of the Ecliptick 
cuts the Meridian in the South Part of the 
Horizon; that Point of the Ecliptick will 
give the Time when the longeſt Night be- 
gins. Laſtly, turn the Globe about untill 
ſome Point in the fourth Quadrant of the 
Ecliptick cuts the Meridian in the South 
Point of the Horizon ; and that Point of the 
Ecliptick will be the Place of the Sun, when 
the longeſt Night ends. 

Or, the Time when the longeſt Day or 
Night begins, being known, their End may 
be found by counting the Number of Days 
from that Time to the ſucceeding Solſtice; 
then counting the ſame Number. of Days 
from the Solſtitial Day, will give the Time 
when 1t ends, 

Or, if you bring the Solſtitial Point S ta 
the North Part of the Meridian, then keep 
the Globe in that Poſition ; the Place where 
the Ecliptick cuts the North- Eaſtern and 
North Weſtern Parts of the Horizon will be 
the Sun's Place when the longeſt Day be- 
gins and ends: and where it cuts the South- 
Weſtern and South - Eaſtern Parts of the 
Horizon, will be the Place of the Sun when 
the longeſt Night begins and ends, | 

Thus at the North Cape, on the Coaſt of 
Lapland, in the Latitude of 714 Degrees, 

— . the 
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ta natur al Days; and alſo becauſe the Sun 
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the -longeſt Day begins about the 4th of 
May, and ends the 19th of July ; after 


which, the Sun riſes and ſets till the 4th of 


November, when he but firſt touches the 
Horizon, and Southermoſt Point of it, and 
then continues below it till the 16th of J. 
nuary, when he'll juſt appear to riſe in the 


Meridian, after he had been hid below the 


Horizon for the Space of 73 Natural Days, 
which is the Length of the longeſt Night, 

After the ſame Manner may theſe Things 
be eaſily found for any Place either within 
the Arctick or Antarctick Circle, 


Pros. XXII. To find in what Latitude the 
longeſt Day is, of any given Length tes 
than 182 Natural Days, 


Find a Point in the Ecliptick, half 6 
many Degrees diſtant from the Solſtitial 
Point, as there are Days given, and bring 
that Point to the Meridian ; then keep the 
Globe from turning round it's Axis, and 
move the Meridian up or down until the 
aforeſaid Point of the Ecliptick comes to 
the Horizon: that Elevation of the Pole 
will be the Latitude required. 

Tf the Days given were 78, the Latitude 
is 71% Degrees, | 

This Method is not accurate, becauſe the 
Degrees in the Ecliptick do not correſpond 


doey 
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does not always move in the Ecliptick 
at the ſame Rate; however, ſuch Problems 
as theſe may ſerve for Amuſements. 


PROB. XXIII. The Day of the Month being 
given, to find when the Morning and Even- 
ing Twilight begins and ends, in any Place if 
upon the Globe. | E | lf 


In the foregoing Problem, by the Length 
of the Day, we meant the Time from Sun- 
riſing to Sun-ſet ; and the Night wereckoned 
from Sun-ſet till he roſe next Morning. But 
it is found by Experience, that total Dark- 
neſs does not commence in the Evening, 
till the Sun has got 18 Degrees below the 
Horizon; and when he comes within the 
ſame Diſtance of the Horizon next Morning, 
we have the firſt Dawn of Day. This 
faint Light which we have in the Morning 
and Evening, before and after the Sun's riſing 
and ſetting, is what we call the Twilight. 

Having rectified the Globe for the Lati-* Prob. vl. 
tude, the Zenith, and the Sun's Place; turn 6 
the Globe, and the Quadrant of Altitude, 1 
until the Sun's Place cuts 18 Degrees below 1 
the Horizon (if the Quadrant reaches ſo far) 
then the Index upon the Hour-Circle will 
ſhew the Beginning or Ending of Twilightaf- 
ter the ſame Manner as before we found the 
Time of Sun-rifing and ſetting, in Prob. 18. 

But by reaſon of the Thickneſs of the wooden 
| Hort- 
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Horizon, we can't conveniently ſee, or com. 
pute when the Sun's Place is brought to the 
Point aforeſaid. Wherefore the Globe being 
rectified as above directed, turn the Glohe 
and alſo the Quadrant of Altitude Weſtward, 
until that Point in the Ecliptick, which i; 
oppoſite to the Sun's Place, cuts the Qua- 
drantin the 18th Degree above the Horizon, 
then the Hour-Index will ſhew the Time 
when Day breaks in the Morning, And if 
you turn the Globe and the Quadrant of 
Altitude, untill the Point oppoſite to the 
Sun's Place cuts the Quadrant in the 18th 
Degree in the Eaſtern Hemiſphere; the 
Hour-Hand will ſhew when Twilight ends 
in the Evening. Or, having found the Time Wi l 
from Midnight when the Morning Twilight I. 
begins, if you reckon ſo many Hours before W b 
Midnight, it will give the Time when the n 
Evening Twilight ends. Having found the 
Time when Twilight begins in the Morn- 
ing, find the Time of Sun-rifing, by Prob. 
18. and the Difference will be the Duration 
of Twilight. 
Thus at London, on the firſt of May, 
Twilight begins at three Quarters paſt One 
o Clock; the Sun riſes at about half an Hour 
Four: Whence the Duration of Twi- 
ight is now 2 3 Hours, both in the Morn- 
ing and Evening, On the firſt of November, 
the Twilight begins at half an Hour paſt fix, 
being ſomewhat above an Hour before Sun- 
riſing. PROB, 
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PxoB. XXIV. To find the Time when total 
Darkneſs ceaſes, or when the Twilight con- 
tinues from Sun-ſetting to Sun-rifing, in 
any given Place. 4 


Let the Place be in the Northern Hemi- 
ſphere; then if the Complement of the 
Latitude be greater than (the Depreſſion) 
18 Degrees, ſubtract 18 Degrees from it, 
and the Remainder will be the Sun's Decli- 
nation North, when total Darkneſs ceaſes. 
But if the Complement of the Latitude is leſs 
than 18 Degrees, the Difference will be 
the Sun's Declination South, when the Twi- 


light begins to continue all Night. If the 
Latitude is South, the only Difference will 


be, that the Sun's Declination will be on 
the contrary Side. , 
Thus at London, when the Sun's Decli- 
nation North is greater than 202 Degrees, 
there is no total Darkneſs, but conſtant 
Twilight, which happens from the 1 5th of 
May to the 7th of Jul, being near two 
Months. Under the North Pole the Twi- 
light ceaſes, when the Sun's Declipation is 
greater than 18 Degrees South; which is 
from the 2d of. November, till the 18th of 
January + So that notwithſtanding the Sun 
is abſent in this Part of the World for half 
a Year together, yet total Darkneſs does not 
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continue above 11 Weeks; and 4 | 
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and note that Point upon the Meridian; then 
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Moon is above the Horizon for a whole Fort. 
night of every Month throughout the Year, 


ProB, XXV. The Day of the Month being 
given; to find thoſe Places of the Frigid 
Zones, where the Sun begins to ſhine con- 
ſtantiy without ſetting; and alſo thi; 
Places where he begins to be totally abſent, 


Bring the Sun's Place to the Meridian, 
and mark the Number of Degrees contain d 
betwixt that Point and the Equator ; then 
count the ſame Number of Degrees from 
the neareſt Pole (viz. the North Pole, if 
the Sun's Declination is Northerly, other- 
wiſe the South Pole) towards the Equator, 


turn the Globe about, and all the Places 
which paſs under the ſaid Point, are thoſe WM 
where the Sun begins to ſhine conſtantly, 

without ſetting on the given Day. If you 7 
lay the ſame Diſtance from the oppoſite 


Pole towards the Equator, and turn the 
Globe about, all the Places which paſs un- 


der that Point, will be thoſe where the h 
longeſt Night begins. | t 
lf 9 | U 

The Latitude of the Place being given, t0 find C 
the Hour of the Day when the Sun ſhines. ö 


If it be in the Summer, elevate the Pole 
according to the Latitude, and ſet the 2 
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:idian due North and South; then the Sha- 
dow of the Axis will cut the Hour on the 
Dial-Plate: For the Globe being rectified 
in this manner, the Hour-Circle is a true 
Equinotial Dial; the Axis of the Globe 
being the Gnomon. This holds true in 
Theory, but it might not be very accurate 
in Practice, becauſe of the Difficulty in 
placing the Horizon of the Globe truly ho- 
rizontal, and its Meridian due North and 
South. 

If it be in the Winter Half-Year, elevate 
the South Pole according to the Latitude 
North ; and let the North Part of the Ho- 
rizon be in the South Part of the Meridian : 
then the Shade of the Axis will ſhew the 
Hour of the Day as before. But this cannot 
be ſo conveniently performed, tho' the Rea- 
ſon is the ſame as in the former Caſe. 


To find the Sun's Altitude when it ſhines, 
by the Globe. 


Having ſet the Frame of the Globe truly 
horizontal or level, turn the North Pole 
towards the Sun, and move the Meridian 
up or down in the Notches, till the Axis 
caſts no Shadow; then the Arch of the 
Meridian, contain'd betwixt the Pole and 
the Horizon, is the Sun's Altitude. 

Note, The beſt Way to find the Sun's 
Altitude, is by a little Quadrant graduated 


into 
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South, rectify the Globe for the Latitude, 
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into Degrees, and having Sights and a Plum. 
met to it: Thus, hold the Quadrant in your 
Hand, fo as the Rays of the Sun may paſ 
through both the Sights, the Plummet then 
hanging freely by the Side of the Inſtru- 
ment, will cut in the Limb the Altitude 
required, Theſe Quadrants are to be had 
at the Inſtrument- Makers, with Lines drawn 
upon them, for finding the Hour of the Day 
and the Azimuth, with ſeveral other pretty 
Concluſions, very entertaining for Beginners, 


The Latitude, and the Day of the Month be. 
ing given, to find the Hour of the Day 
when the Sun ſhines. | 


Having placed the Wooden Frame upon 
a Level, and the Meridian due North and 


and fix a Needle perpendicularly over the 
Sun's Place : The Sun's Place being brought 
to the Meridian, ſet the Hour-Index to 12 
at Noon, then turn the Globe about until 
the Needle points exactly to the Sun, and 
caſts no Shadow, and then the Index will 
ſhew the Hour of the Day. 


PROB, | 
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ProB. XX VI. The Latitude, the Sun's Place, 
and his Altitude, being given; to find the 
Hour of the Day, and the Sun's Azimuth 
From the Meridian, 


Having rectified the Globe for the Lati- 
tude, the Zenith, and the Sun's Place, turn 
the Globe and the Quadrant of Altitude, fo 
that the Sun's Place may cut the given De- 
gree of Altitude: then the Index will ſhew 
the Hour, and the Quadrant will cut the 
Azimuth in the Horizon, Thus, ifat Lon- 
am, on the 1oth of Auguſt, the Sun's Alti- 
tude be 36 Degrees in the Forenoon, the 
Hour of the Day will be IX, and the Sun's 
Azimuth about 58 Degrees from the South 
Part of the Meridian, 


The Sun's Azimuth being given, to place the 
Meridian of the Globe. due North and 
South, or to find a Meridian Line when 
the Sun ſhines. 


Let the Sun's Azimuth be 30 Degrees 
South«Eaſterly, ſet the Horizon of the Globe 
upon a Level, and bring the North Pole 
into the Zenith; then turn the Horizon 
about until the Shade of the Axis cuts 
as many Hours as is equivalent to the Azi- 
muth, (allowing 15 Degrees to an Hour) 
in the North-Weſt Part of the Hour-Circle, 

| VIZ, 
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the North and South Points of the Wooden 
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viz. X at Night; which being done, the 
Meridian of the Globe ſtands in the true Me. 
ridian of the Place. The Globe ſtanding in 
this Poſition, if you hang two Plummets at 


Horizon, and draw a Line betwixt them, 
you'll have a Meridian Line; which, if it be 
on a fixed Plane (as a Floor or Window 
will be a Guide for placing the Globe due t 
North and South at any other Time. 


Pros. XXVII. The Latitude, Hour of the | 
Day, and the Sun's Place being given, to 
find the Sun's Altitude and Azimuth, 


Rectify the Globe for the Latitude, the 
Zenith, and the Sun's Place; then the Num- 
ber of Degrees contained betwixt the Sun's 
Place and the Vertex, is the Sun's Meridio- 
nal Zenith Diſtance; the Complement of 
which, to go Degrees, is the Sun's Meridian | 
Altitude, If you turn the Globe about, 
until the Index points at any other given | 
Hour, then bringing the Quadrant of Alti- 
tude to cut the Sun's Place, you'll have the 
Sun's Altitude at that Hour ; and where the 
Quadrant cuts the Horizon, is the Sun's 
Azimuth at the ſame Time. Thus May the 
20th at London, the Sun's Meridian Alti- | 
tude will be 61: Degrees; and at 10 o'Clock 
in the Morning, the Sun's Altitude will be 
52 Degrees; and his Azimuth about 50 De- 
grees from the South Part of the Me 
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PROB. XX VIII. The Latitude of the Place, 
and the Day of the Month, being given, to 


find the Depreſſion of the Sun below the 
Horizon, and the Azimuth at any Hour 
of the Night. 


Having rectified the Globe for the Lati- 


tude, the Zenith, and the Sun's Place, take a 


Point in the Ecliptick, exactly oppoſite to the 
Sun's Place, and find the Sun's Altitude and 
Azimuth, as by the laſt Problem; and theſe 
will be the Depreſſion and the Altitude re- 
quired, Thus, if the Time given be the 
20th of November, at 10 o'Clock at Night, 
the Depreſſion and Azimuth will be the 
ſame as was found in the laſt Problem, 


PROB. XXIX. The Latitude, the Sun's 
Place, and his Azimuth, being given; to 
find his Altitude, and the Hour, 


Rectify the Globe for the Latitude, the 
Zenith, and the Sun's Place; then put the 
Quadrant of Altitude to the Sun's Azimuth, 
in the Horizon, and turn the Globe till the 
Sun's Place meet the Edge of the Quadrant; 
then the ſaid Edge will ſhew the Altitude, 
and the Index point to the Hour. Thus, 
May the 1oth at London, when the Sun is due 
Eaſt, his Altitude will be about 24 Degrees, 
and the Hour about VII in the Morning: 

K —— 
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and when his Azimuth is 60 Degrees South. 
Weſterly, the Altitude will be about 44 
Degrees, and the Hour about 2 in the 
Afternoon. | 3 

Thus, the Latitude and the Day being 
known, and having beſides either the Alti. 
tude, the Azimuth, or the Hour ; the other 
two may be eaſily found, 


PrRoB. XXX. The Latitude, the Sun's Alti. 
tude, and his Azimuth, being given; to find 
his Place in the Ecliptick, and the Hour, 


Rectify the Globe for the Latitude and 
Zenith, and ſet the Edge of the Quadrant, 
to the given Azimuth; then turning the 
Globe about, that Point of the Ecliptick 
which cuts the Altitude, will be the Sun's 
Place, Keep the Quadrant of Altitude in 
the ſame Poſition; and having brought the 
Sun's Place to the Meridian, and the Hour- 
Index to 12 at Noon, turn the Globe about 
till the Sun's Place cuts the Quadrant of Al- 
titude, and then the Index will point the 
Hour of the Day. 


Pros, XX XI. The Declination and Meridian 
Altitude of the Sun, or of any Star being 
given; to find the Latitude of the Place. 


Mark the Point of Declination upon the 
Meridian, according as it is either ome 4 
ou 
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South from the Equator; then ſlide the 
Meridian up or down in the Notches, till 
the Point of Declination be fo far diſtant 
from the Horizon, as is the given Meridian 
Altitude ; that Elevation of the Pole will be 
the Latitude, 

Thus, if the Sun's, or any Star's Meridian 
Altitude be 50 Degrees South; and its De- 
clination 11% Degrees North, the Latitude 
will be 51 : Degrees North. 


PROB. XXXII. The Day and Hour of a Lu- 
nar Eclipſe being known ; to find all thoſe 
Places upon the Globe in which the ſame 
will be viſible. 

Find where the Sun is Vertical at the® Prob. 13. 
given Hour, and bring that Point to the 
Zenith ; then the Eclipſe will be viſible in 
all thoſe Places that are under the Horizon : 
Or, if you bring the Antipodes to the Place 
where the Sun is Vertical, into the Zenith, 
you'll have the Places where the Eclipſe will 

be viſible above the Horizon. 

Note, Becauſe Lunar Eclipſes continue 
ſometimes for a long while together, they 
may be ſeen in more Places than one He- 
miſphere of the Earth; for by the Earth's 
Motion round its Axis, during the Time of 
the Eclipſe, the Moon will riſe in ſeveral 
Places after the Eclipſe began. 

Note, When an Eclipſe of the Sun is 
Central, if you bring the Place where the 
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many Hours the Day conſiſts of; then ſa), 
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Sun is Vertical at that Time, into the 7e. 
nith, ſome Part of the Eclipſe will be vid. 
ble in moſt Places within the upper Hemi. 
ſphere : but by reaſon of the ſhort Duration 
of Solar Eclipſes, and the Latitude which 
the Moon commonly has at that Time, 
(tho' but ſmall) there is no Certainty in de- 
termining the Places where thoſe Eclipſes 
will be viſible, by the Globe; but Recourſe 
muſt be had to Calculations. 


PRoB. XXXIII. The Day of the Month, and 
Hour of the Day, according to our Way g 
reckoning in England, being given; to find 
thereby the Babylonick, Italick, and tte 
Jewiſh or Judaical Hour. 
1. To find the Babylonick Hour (which 

is the Number of Hours from Sun-rifing) 

Having found the Time of Sun-rifing in the 

given Place, the Difference betwixt this and 

the Hour given is the Babylonick Hour. 

2. To find the Tralicł Hour, (which 1s 
the Number of Hours from Sun-ſetting) 
ſubtract the Hour of Sun-ſetting from the 
given Hour, and the Remainder will be the 
Italic Hour required. | 

3. To find the Fewiſh Hour (which 1s 
„ Part of an Artificial Day) find how 


as the Number of Hours the Day conſiſts of, 
1s to 12 Hours; ſo is the Hour fince Sun- 


riſing, to the Judaical Hour required. 


Thus, 
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Thus, if the Sun riſes at 4 O Clock, 
(conſequently ſets at 8) and the Hour given 
be 5 in the Evening, the Babylonick Hour 
will be the 143th, the Talicł the 2 1ſt; and 
the Jewiſh Hour will be Nine and Three 

uarters. | 

The Converſe being given, the Hour of 
the Day, according to our Way of reckon- 
ing in England, may be eaſily found. 

The following Problems are peculiar to 
the Celeſtial Globe. 


PRoB.XX XIV. To find the Right Aſcenſion 


and Declination of the Sun, or any Fixed 
Star. 


Bring the Sun's Place in the Ecliptick to 
the Meridian; then that Degree of the 
Equator which is cut by the Meridian, will 
be the Sun's Right Aſcenſion; and that De- 
gree of the Meridian, which is exactly over 
the Sun's Place, is the Sun's Declination. 
After the ſame Manner, bring the Place of 
any fixed Star to the Meridian, and you'll 
find its Right Aſcenſion in the Equinoctial, 
and Declination of the Meridian. 

Thus, the Right Aſcenſion and Declina- 


tion is found, after the ſame Manner as the 


Longitude and Latitude of a Place upon the 

Terreſtrial Globe. 
Note, The Right Aſcenſion and Decli- 
nation of the Sun vary every Day ; but the 
K 3 Right 
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the Right Aſcenſion and Declination of any 
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Right Aſcenſion, &c. of the Fixed Stars is 
the ſame throughout the Vear.“ | 


The Sun's Right Aſcenſion, Declin, P 


Deg. De. 
January 20 314— 1718. 
March 25 14— N. 
Thus on July 10o— 1201 — 2011 N t 
Novemb. 15 242——21 8. 


R. Aſc. Decl. 
Deg. Deg. 
Aldebaran — — 65 16 N, 
Spica Virginis —— — 1971: qs. 
Capilla — 74 457m. 
Syrius, or the Doz-Star—— 984 16 8. 


Note, The Declination of the Sun may 
be found after the ſame Manner, by the 
Terreſtrial Globe; and alſo his Right Aſcen- 
ſion, when the Equinoctial is numbered into 
360 Degrees, commencing at the Equi- 
noctial Point Y: But as the Equinoctial 1s 
not always numbered ſo, and this being 
properly a Problem in Aftronomy, we chuſe 
rather to place it here. 1 

By the Converſe in this Problem, having 


Point 


he inſenſible Change in the Longitude, Right Aſcenſion, 
and Declination of the Fixed Stars, made by their fluw Motion, 
parallel to the Ecliptick (being but 1 Degree in 72 Years) is not | 
worth Notice in this Place, | 


gect. 3. the GLOBES. 


point given, that Point itſelf may be eaſily 
found upon the Globe. | 


PROB. XXXV. To find the Longitude and 
Latitude of a given Star, 


Having brought the Solſtitial Colure to 
the Meridian, fix the Quadrant of Altitude 
over the proper Pole of the Ecliptick, whe- 
ther it be North or South; then turn the 
Quadrant over the given Star, and the Arch 
contained betwixt the Star and the Ecliptick 
will be the Latitude, and the Degree cut on 
the Ecliptick will be the Star's Longitude, 

Thus, the Latitude of Arcturus will be 
found to be 31 Degrees North, and the Lon- 
gitude 200 Degrees from J, or 20 Degrees 
from : The Latitude of Fomalbaut in 
the Southern Fiſh, 21 Degrees South, and 
Longitude 299! Degrees, or W 29 De- 
grees. By the Converſe of this Method, 
having the Latitude and Longitude of a 
Star given, it will be eaſy to find the Star 
upon the Globe. 


The Diſtance betwixt two Stars, or the 


Number of Degrees contained betwixt them, 
may be found by laying the Quadrant of 
Altitude over each of them, and counting 
the Number of Degrees intercepted; after 
the ſame Manner as we found the Diſtance 
betwixt two Places on the Terreſtrial Globe, 
in Prob, VII. | 
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Pros. XXXVI. The Latitude of the Place, 
the Day of the Month, and the Hour, 
being given; to find what Stars are then 
riſing or ſetting, what Stars are culmi. 
nating, or on the Meridian, and the Al. 
titude and Azimuth of any Star above the 
Horizon; and alſo how to diſtinguiſh 
the Stars in the Heavens one from the 
other, and to know them by their proper 


Names. 


Having rectified the Globe for the Lat?- 
tude, the Zenith, and the Sun's Place, turn 
the Globe about until the Index points to 


the given Hour: the Globe being kept in 
this Poſition, 


; Eaſtern 
All thoſe Stars that are in the f Weſtern 


Side of the Horizon, are then LS | 
All thoſe Stars that are under the Meri- 
dian are then Culminating : and if the Qua- 
drant of Altitude be laid over the Center of 
any particular Star, it will ſhew that Star's 
Altitude at that Time, and where it cuts 
the Horizon, will be the Star's Azimuth from 
the North or South Part of the Meridian. 
The Globe being kept in the ſame Eleva- 
tion, and from turning round its Axis, 
move the wooden Frame about, until the 
North and South Points of the Horizon lie 


exactly 
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exactly in the Meridian; then right Lines 
imagined to paſs from the Center thro each 
Star upon the Surface of the Globe, will 
point out the real Stars in the Heavens, which 
thoſe on the Globe are made to repreſent. 
And if you are by the Side of ſome Wall, 
whoſe Bearing you know, lay the Quadrant 
of Altitude to that Bearing in the Hori- 
zon, and it will cut all thoſe Stars, which at 
that very time are to be ſeen in the fame 
Direction, or cloſe by the fide of the ſaid 
Wall. Thus knowing fome of theremark- 
able Stars in any Part of the Heavens, the 
neighbouring Stars may be diſtinguiſhed, 
by obſerving their Situations with reſpect to 
thoſe that are already known, and com- 
paring them with the Stars drawn upon the 
Globe. | | 
Thus, if you turn your Face towards the 
North, you will find the North Pole of the 
Globe points to the Pole-Star ; then you 
may obſerve two Stars ſomewhat leſs bright 
than the Pole-Star, almoſt in a right Line 
with it, and four more which form a ſort of 
a Quadrangle ; theſe Seven Stars make the 
Conſtellation called the Little- Bear, the 
Pole-Star being on the Tip of the Tail. In 
this Neighbouthood you'll obſerve ſeven 
bright Stars, which are commonly called 
Charles's Wane; theſe are the bright Stars 
in the Great-Bear, and do form much ſuch 
another Figure with thoſe before mentioned 
| in 
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in the Little Bear: the two foremoſt of the 
f Square lie almoſt in a right Line with the 
| Pole-Star, and are called the Pointers, ſo 
| that knowing the Pointers, you may eaſily | 
li find the Pole-Star, Thus the reſt of the 


| | Stars in this Conſtellation, and all the Stars 
| in the neighbouring Conſtellations may be 
| eaſily found, by obſerving how the unknown 


Stars lie either in Qyadrangles, Triangles, ot 
ſtreight Lines, from thoſe that are already 
known upon the Globe, 

After the ſame Manner the Globe being 
rectified, you may diſtinguiſh thoſe Stars that 
are to the Southward of you, and be ſoon ? 
acquainted with all the Stars that are viſible 
in our Hemiſphere. | 


SCHOLIUM 


The Globe being rectified to the Latitude | 
of any Place, if you turn it round its Axis, 
all thoſe Stars that do not go below the Ho- 
rizon during a whole Revolution of the 
Globe, never ſet in that Place; and thoſe 


that do not come above the Horizon, never 
ns... 


PRoB. XXXVII. The Latitude of the Place 
being given; to find the Amplitude, Ob- 
lique Aſcenſion and Deſcenfion, Aſcen- 

' ſonal Difference, Semi-Diurnal Arch, 2 
| 8 be 


* 


A 


theſe two Poſitions, and the Hour of 6; or 


ſonal Difference. 
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the Time of Continuance above the Horizon, 
of any given Point in the Heavens, 


Havin "g rectified the Globe for the Lati- 
tude, and brought the given Point to the 
Meridian, ſet the Index to the Hour of 12; 
then turn the Globe, until the given Point 
be brought to the Eaſtern Side of the Ho- 
rizon, and that Degree of the Equinoctial 
which is cut by the Horizon at that Time, 
will be the Oblique Aſcenſion; and where 
the given Point I the Horizon, is the 
Amplitude Ortive : If the Globe be turned 
about, until the given Point be brought to 
the Weſtern Side of the Horizon, it will 
there ſhew the Amplitude Occaſwve; ; and 
where the Horizon cuts the Equinoctial at 
that Time, is the Oblique Deſcen/ion. 

The Time between the Index at either of 


half the Difference between the Oblique 
Aſcenſion and Deſcenſion, is the Aſcen- 


If the Place be in North Latitude, and the 


Declination of the given Point be Now 


the Aſcenſional Difference reduced into 


added to ; 
Time, and Lubucde from 5 6 O Clock, 


gives the Semi-Diurnal Arch; the Comple- 
ment whereof to a gemicircle, is the Ser 
mi- Nocturnal Arch, If the Place be in 
C South 
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South Latitude, then the contrary is to be 

obſerved with reſpect to the Declination, 
The Semi- 1 Arch being 

doubled, on the Time of Continuance 


"_ the Horizon, Or the Time of 


Continuance above the Horizon may be 
found, by counting the Number of Hours 
contained in the upper Part of the Horary 
Circle, betwixt the Places where the Index 

inted when the given Point was in the 
Eaſtern and Weſtern Parts of the Horizon, 
If the given Point was the Sun's Place, the 
Index pointed the Time of his Riſing and 
Setting, when the faid Place was in the 
Eaſtern and Weſtern Parts of the Horizon, 
as in Prob. 18. Or the Time of Sun-riſing 
may be found, by adding or ſubtracting his 
Aſcenſional Difference, to or from the Hour 
of Six, according as the Latitude and De- 
clination are either contrary or the ſame 
way. 
Thus, at London on the 2oth of April 
the Sun's | 

Amplitude is 24. Degrees Northerly. 

Oblique Aſcenſion, 20. 

Oblique Deſcenſion, 58. 

Aſcenſional Difference, 19. 

Semidiurnal Arch, 109. 

His Continuance above the Horizon 14 


Hours. 


Sun 
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Sun riſes at three Quarters paſt Four. 

Sun ſets at a Quarter paſt Seven. 

Theſe things for the Sun vary every Day; 
but for a fixed Star, the Day of the Month 
need not be given, for they are the ſame all 

the Vear round. 
In the Latitude of 51: North, Syrius's 
Amplitude is about 28 Degrees Southerly. 
Obligue Aſcenſion, 121. 
Oblique Deſcenfion, 75. 
Aſcenſional Difference, 23. 
Semi-diurnal Arch, 67. 
Continuance above the Horizon g Hours. 


PRoB, XXX VIII. The Latitude and the Day 
of the Month being given; to find the Hour 
when any known Star will be on the Me- 
ridian, and alſo the Time of its Riſing 
and Setting. 

Having rectified the Globe for the Lati- 
tude and the Sun's Place, bring the given 
Star to the Meridian, and alſo to the Eaſt or 
Weſt Side of the Horizon, and the Index 
will ſhew accordingly when the Star Culmi- 
nates, or the Time of Riſing or Setting. 

Thus, at London, on the 10th of January, 
Srius will be upon the Meridian at a Quar- 
ter paſt Ten in the Evening; riſes at 5: 
Hours, and ſets at three Quarters paſt Two 
in the Morning. 

By 
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By the Converſe of this Problem, know. 
ing the Time when any Star is upon the Me. 
ridian, you may eaſily find the Sun's Place, 
Thus, bring the given Star to the Meridian 
and ſet the Index to the given Hour ; then 
turn the Globe till the Index points to 12 at 
Noon, and the Meridian will cut the Sms 
Place in the Ecliptick. Thus, when Syrius 
comes to the Meridian at 10: Hours after 


Noon, the Sun's Place will be $R 1; Deg. 
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Pros. XXXIX. To find at what Time of the 
Year a given Star will be upon the Meri. 
dian, at a given Hour of the Night. 


Bring the Star to the Meridian, and ſet 
the Index to the given Hour; then turn the | 
Globe till the Index points to 12 at Noon, 
and the Meridian will cut the Ecliptick in 
the Sun's Place; whence the Day of the 
Month may beeafily found in the Kalendar 
upon the Horizon. 


Pros. XL. The Day of the Month, and the 
Azimuth of any known Star, being given; 
to find the Hour of the Night, 


Having rectified the Globe for the Latitude 
and the Sun's Place, if the given Star be duo 
North or South, bring it to the Meridian, 
and the Index will ſhew the Hour of the 
Night. If the Star be in any other ts 
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fix the Quadrant of Altitude in the Zenith, 
and ſet it to the Star's Azimuth in the Ho- 
c1zon ; then turn the Globe about, until the 
Quadrant cuts the Center of the Star, and 
the Index will ſhew the Hour of the Night. 
The Bearing of any Point in the Heavens 
may be found by the following Methods: 
Having a Meridian Line drawn in two 
Windows, that are oppoſite to one another, 
you may croſs it at right Angles with ano- 
ther Line repreſenting the Eaſt and Welt ; 


from the Point of Interſection deſcribe a a 


Circle, and divide each Quadrant into go 
Degrees ; then get a ſmooth Board, of about 
2 Feet long, and + Foot broad (more or 
leſs, as you judge convenient) and on the 
back Part of it fix another ſmall Board crofs- 
wiſe, ſo that it may ſerve as a Foot to ſupport 
the biggeſt Board upright, when it is ſet 
upon a Level, or an horizontal Plain, The 
Board being thus prepared, ſet the lower 
Edge of the ſmooth or fore Side of it, 
cloſe to the Center of the Circle; then turn 
it about to the Meridian, or to any Azimuth 
Point required (keeping the Edge of it al- 
ways cloſe to the Center) and caſting your 
Eye along the flat Side of it, you'll eaſily 
perceive what Stars are upon the Meridian, 


or any other Bearing that the Board is ſet 
. 


ProB. 
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Pros. XLI. Tuo known Stars having thy 
ſame Azimuth, or the ſame Height, being 
given; to find the Hour of the Night. 


Rectify the Globe for the Latitude, the 
Zenith, and the Sun's Place. 

1. When the two Stars are in the fame 
Azimuth, turn the Globe, and alfo the 
Quadrant about, until both the Stars coincide 
with the Edge thereof ; then will the Index 
ſhew the Hour of the Night : And where 
the Quadrant cuts the Horizon, is the com- 
mon Azimuth of both Stars, 

2, If the two Stars are of the ſame Al. 
titude, move the Globe ſo that the ſame 
Degree on the Quadrant will cut both Stars; 
then the Index will ſhew the Hour. 

This Problem is uſeful when the Quantity 
of the Azimuth of the two Stars, in the firſt 


Caſe, or of their Altitude in the latter Caſe, 


is not known, 


If two Stars were given, one on the Me- 
ridian, and the other in the Eaſt or Weſt | 


Part of the Horizon ; to find the Lati- 
tude, ER 


Bring that Star, which was obſerved on 
the Meridian, to the Meridian of the Globe, 
and keep the Globe from turning round its 
Axis; then ſlide the Meridian up or down 
; | in 
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in the Notches, till the other Star is brought 
to the Eaſt or Weſt Part of the Horizon, and 
that Elevation of the Pole will be the Lati- 
tude ſought. 


Pros. XLII. The: Latitude, Day of the 
Month, and the Altitude of any known 
Star being given; to find the Hour of 
the Night. 


Rectify the Globe for the Latitude, Ze- 
nith, and Sun's Place: turn the Globe, and 
the Quadrant of Altitude, backward or for- 
ward, till the Centre of that Star meets the 
Quadrant in the Degree of Altitude given; 
then the Index will point the true Hour of 
the Night; and alſo where the Quadrant 
cuts the Horizon, will be the Azimuth of 

the Star at that Time. 


If the Latitude, Sun's Altitude, and bis De- 
clination (inflead of his Place in the 
Ecliptick) are given; to find the Hour of 
the Day, and Azimnth, 


Rectify the Globe for the Latitude and 
Zenith; and having brought the Equinoctial 
Colure to the Meridian, ſet the Index to 12 
at Noon: which being done, turn the Globe 
and the Quadrant, until the given Decli- 
nation in the Equinoctial Colure cuts the 
Altitude on the Quadrant; then the * 

L wi 
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will ſhew the Hour of the Day, and the 
Quadrant cut the Azimuth in the Horizon, 


Tf the Altitude of two Stars on the ſame 
Azimuth, were given; to find the Lati- 
tude of the Place. 


Set the Quadrant over both Stars at the 


obſerved Degrees of Altitude, and keep it 


faſt upon the Globe with your Fingers; 
then ſlide the Meridian up or down in 
the Notches, till the Quadrant cuts the 
given Azimuth in the Horizon; that Ele- 
vation of the Pole will be the Latitude re- 
quired, 


PROB. XLIII. Having the Latitude of the 
Place, to find the Degree of the Eclip- 


tick, which riſes or ſets with a given Star; 


and from thence to determine the Time of | 
its Coſmical and Acronical Ring and 


Setting. 


Having rectified the Globe for the Lati- 
tude, bring the given Star to the Eaſtern 
Side of the Horizon, and mark what De- 
gree of the Ecliptick riſes with it: Look 
or that Degree in the Wooden Horizon, 
and right againſt it, in the Kalendar, you'll 
find the Month and Day when the Star 71/c 
Coſmically. If you bring the Star to the 
Weſtern Side of the Horizon, that Deg * 
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of the Ecliptick which riſes at that Time, 
will give the Day of the Month when the 
ſaid Star ſets Coſmically, So likewiſe againſt 
the Degree which ſets with the Star, you'll 
find the Day of the Month of the Acronical 
Setting; and if you bring it to the Eaſtern 
Part of the Horizon, that Degree which 
ſets at that Time will be the Sun's Place 
when the Star riſes Acronically. 

Thus, in the Latitude of London, Syrius, 
or the Dog-Star, riſes Coſmically the zoth 
of July; and ſets Coſinically the zoth of 
Ofober. Aldebaran, or the Bull's- Eye, 
riſes Acronically on the 11th of May, 
and ſets Acronically on the 8th of De- 


cember. 


Pros. XLIV. Having the Latitude of the 


Place, to find the Time when a Star riſes 


and ſets Heliacally. 


| Having rectified the Globe for the Lati- 
tude, bring the Star to the Eaſtern Side of 


the Horizon, and turn the Quadrant round 


to the Weſtern Side, till it cuts the Eclip- 
tick in twelve Degrees of Altitude above the 
Horizon, if the Star be of the firſt Magni- 
tude; then that Point of the Ecliptick which 
is cut by the Quadrant, is 12 Degrees high, 
above the Weſtern Part of the Horizon, 
when the Star riſes; but at the ſame Time 


the oppoſite Point in the Ecliptick is twelve 
L 2 _ | De- 
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Degrees below the Eaſtern Part of the Ho- 
rizon, which is the Depreſſion of a Star of 
the firſt Magnitude, when ſhe riſes Helia- 
tally, or has got ſo far from the Sun's Beams, 
that ſhe may be ſeen in the Morning before 
Sun-rifing. Wherefore, look for the faid 
Point of the Ecliptick on the Horizon, and 
right againſt it will be the Day of the Month | 
when the Star viſes Heliacally. To find the 
Heliacal Setting: Bring the Star to the 
Weſt- ſide of the Horizon, and turn the 
Quadrant about to the Eaſtern - ſide, till 
the 1271 Degree of it above the Horizon 
cuts the Ecliptick; then that Degree of 

the Ecliptick, which is oppoſite to this 
Point, is the Sun's Place when the Star 
ſets Heliacally. 
Thus, you'll find that Arcturus riſes He- 
liacally the 17th of September, and ſets He- 
liacally November the 21K, 


Pros. XLV. To find the Place of any Pla- 
net upon the Globe; and ſo by that Means, | 
to find its Place in the Heavens: Alſo to 

find at what Hour any Planet will riſe or 
ſet, or be on the Meridian, at any one Day | 
in the Year. | 


You muſt firſt ſeek in an Ephemeris, | 
(Parker's Ephemeris will do well enough) 
for the Place of the Planet propoſed on that 
Day; then mark that Point of the * 
— EA either 
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either with Chalk, or by ſticking on a little 
black Patch; and then for that Night you 
may perform any Problem, as before, by a 
Fixed Star. 

Let it be required to find the Situation 


of Jupiter among the Fixed Stars in the 


Heavens, and alſo about what Time it riſes 
and ſets, and comes to the Meridian, on the 
20th of November 1730, at London. 

Looking for the 20th of November 1730 
in Parker's Ephemeris, I find that Jupiters 
Place at that Time is in about g Degrees of 
Ip; Latitude 1 Degree North: Then look- 
ing for that Point upon the Celeſtial Globe, 
find that Y is then among the ſmall Stars 
that lie under. the Belly of the Conſtellation 
Leo. 

To find when he riſes and ſets, and comes 
to the Meridian: Having put a little black 
Patch on the Place of Jupiter, elevate the 
Globe according to the Latitude; and having 
brought the Sun's. Place to the Meridian, 
ſet the Hapr-Index to 12 at Noon: then 
turning the Mark which was made for Ju- 


piter, to the Eaſtern Part of the Horizon, 


I find Y will riſe at about a Quarter paſt 
11 o'Clock at Night; and turning the 
Globe about, I findit cames to the Meridian 
a little after Six in the Morning ; and ſets 

about 1 o'Clock in the Afternqon. 
This Example being underſtood, it will 
be eaſy to find when either of the other 
L 3 twa 
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two ſuperior Planets, viz. Mars and Saturn, 
riſe, ſet, and come to the Meridian, | 


I ſhall conclude this Subject about the 


Globes with the following Problem. 


PROB. XLVI. To find all that Space upon 
the Earth, where an Eclipſe of one of the 


Satellites of Jupiter will be viſible. 


Having found that Place upon the Earth, 
in which the Sun 1s Vertical at the Time of 
the Eclipſe, by Prob. 13. elevate the Globe 
according to the Latitude of the faid Place; 
then bring the Place to the Meridian, and 
ſet the Hour-Index to 12 at Noon. If Ju- 


piter be in Conſequence of the Sun, draw a 


Line with Black-Lead, or the like, along 


the Eaſtern Side of the Horizon, which Line 
will paſs over all thoſe Places where the Sun 


is ſetting at that Time: then count the 


Difference betwixt the Right Aſcenſion of | 
the Sun, and that of Jupiter; and turn the 
Globe Weſtward, until the Hour - Index | 


points to this Difference; then keep the 
Globe from turning round its Axis, and ele- 
vate the Meridian, according to the Declina- 
tion of Jupiter. The Globe being in this 
Poſition, draw a Line along the Eaſtern Side 
of the Horizon ; then the Space between this 
Line, and the Line before drawn, will com- 
prehend all thoſe Places of the Earth where 
Tupiter will be viſible, from the ſetting of 
the Sun, to the ſetting of Jupiter. 4 
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But if Jupiter be in Antecedence of the 
Sun (i. e. riſes before him) having brought 
the Place where the Sun is Vertical to the 
Zenith, and put the Hour-Index to 12 at 
Noon, draw a Line on the Weſtern Side of 
the Horizon; then elevate the Globe ac- 
cording to the Declination of Jupiter, and 
turn it about Eaſtwards, until the Index 
points to ſo many Hours diſtant from Noon, 
as is the Difference of Right Aſcenſion of 
the Sun and Jupiter. The Globe being in 
this Poſition, draw a Line along the Weſtern 
Side of the Horizon; then the Space con- 
tained between this Line, and the other 
laſt drawn, will comprehend all thoſe Places 
upon the Earth, where the Eclipſe is viſible, 
between the Riſing of the Sun and that © 


Jupiter. 
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DESCRIPTION 


OF THE 


GREAT ORRERy, 


Lately made by 


Mr. THO. WRIGHT, Mathematical | 
Inſtrument-Maker to His Majeſty. 


4 
I 


HE OxxeRy is an Aſtronomical | 
&2r[6& Machine, made to repreſent the | 
eg Motions of the Planets. Theſe | 


Machines are made of various 


Sizes, ſome having more Planets than others; 


but I ſhall here confine myſelf to the De- 


ſcription of that aboye-mentioned. 


In the Introduction we gave a ſhort Ac- 
count of the Order, Periods, Diſtances, and | 


Magnitudes of the Primary Planets ; and of 
the Diſtances and periodical Revolutions of the 


Secondary Planets round their reſpective Pri- 


maries, We ſhall here explain their Stations, 
Retrogradations, Eclipſes, and Phaſes, &c. but 


firſt let us take a general View of the Orrery. | 


The 


The ORRERY. I53 


* The Frame which contains the Wheel- , De- 
Work, &c. that regulates the whole Ma- fehr g. 
cine, is made of fine Ebony, and is near hay No 
four Feet in Diameter; the Outſide thereof 
is adorned with twelve Pilaſters, curiouſl 
wrought and gilt : Between theſe Pilaſters, 
the twelve Signs of the Zodiack are neatly 
painted, with gilded Frames, Above the 
Frame is a broad Ring, ſupported with vide ren 
twelve Pillars: This Ring repreſents the H. 
Plane of the Ecliptick, upon which there 
are two Scales of Degrees,and between thoſe, 
the Names and Characters of the twelve 
Signs. Near the Outſide isa Scale of Months 
and Days, exactly correſponding to the 
Sun's Place at Noon, each Day throughout 
the Year, | 
Above the Ecliptick ſtand ſome of the 
principal Circles of the Sphere, according 
to their reſpective Situations in the Heavens, 
viz, (No. 10) are the two Colures, divided 
into Degrees, and Half Degrees. (No. 11.) is 
one Half of the Equinoctial Circle, making 
an Angle with the Ecliptick of 24: Degrees. 
The Tropick of Cancer, and the Arctick Cir- 
cle, are each fixed parallel, and at their pro- 
per Diſtance from the Equinoctial. On the 
Northern Half of the Ecliptick, is a Braſs 
Semicircle, moveable upon two Points fixed 
in F and : This Semicircle ſerves as 2 
moveable Horizon, to be put to any De- 
 gree of Latitude upon the North Part of 
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the Meridian. The whole Machine is alſo ſa 
contrived, as to be ſet to any Latitude, with. 
out in the leaſt affecting any of the inſide 
Motions: For this Purpoſe there are two 
ſtrong Hinges (No. 13.) fixed tothe Bottom 
Frame, upon which the Inſtrument moves, 
and a ſtrong Braſs Arch, having Holes at 
every Degree, thro' which a ſtrong Pin is to 
be put, according to the Elevation. This | 
Arch and the two Hinges ſupport the whole 
Machine, when it is lifted up according to 
any Latitude; and the Arch at other times 
lies conveniently under the Bottom-Frame, 
When the Machine is ſet to any Latitude, 
(which is eaſily done, by two Men, each 
taking hold of two Handles, conveniently | 
fixed for that Purpoſe) ſet the moveable 
Horizon to the ſame Degree upon the Me- | 
ridian, and you may form an Idea of the 
reſpective Altitude, or Depreſſions of the WM 1 
Planets, above or below the Horizon, ac- ! 
( 
{ 
| 
| 


cording to their reſpective Poſitions, with | 
regard to the Meridian, 1 
Within the Ecliptick, and nearly in the 
ſame Plane thereof, ſtand the Sun, and all 
the Planets, both Primary and Secondary. 
The Sun (No, 1.) ſtands in the Middle of 
the whole Syſtem upon a Wire, making an | 
Angle with the Plane of the Ecliptick, of | 
about 82 Degrees, which is the Inclination | 
of the Sun's Axis, to the Axis of the Eclip- | 
tick, Next the Sun isa ſmall Ball (No. 2.) 
repre- | 


the ORRE Rx. 


repreſenting Mercury : Next to Mercury is 
Venus (No. 3.) repreſented by a larger Ball, 
(and both theſe ſtand upon Wires, ſo that 
the Balls themſelves may be more viſibly 
perceived by the Eye.) The Earth is repre- 
ſented (No. 4.) by an Ivory Ball, all having 
ſome of the principal Meridians and Paral- 
lels, and a little Sketch of a Map deſcribed 
upon it, The Wire which ſupports the 
Earth, makes an Angle with the Plane of 
the Ecliptick of 66 Degrees, which is the 
Inclination of the Earth's Axis to that of the 
Ecliptick. Near the Bottom of the Earth's 
Axis is a Dial-Plate (No. .) having an In- 
dex pointing to the Hours of the Day, as 
the Earth turns round its Axis. 

Round the Earth is a Ring ſupported by 
two ſmall Pillars; which Ring repreſents 
the Orbit of the Moon, and the Diviſions 
upon it anſwer to the Moon's Latitude; the 


Motion of this Ring repreſents the Motion 


of the Moon's Orbit according to that of 
the Nodes. Within this Ring is the Moon, 
(No. 5.) having a black Cap or Caſe, which 
by its Motion repreſents the Phaſes of the 
Moon according to her Age. Without the 
Orbits of the Earth and Moon is Mars, 
(No. 6.) The next in order to Mars, is Jupi- 
ter and his four Moons (No. 7.) each of 
theſe Moons is ſupported by a crooked 
Wire fixed in a Socket which turns about 
the Pillar that ſupports Jupiter: T 3 5 

hs | tellites 
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made ſomewhat in Proportion to their Di- 
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tellites may be turned by the Hand to any 
Poſition ; and yet when the Machine is put 
in Motion, they'll all move in their proper 
Times. The outermoſt of all is Saturn 
and his five Moons (No. 8.) theſe Moons 
are ſupported and contrived after the fame 
Manner with thoſe of Jupiter. The whole 
Machine is put into Motion by turning a 
ſmall Winch, like the Key of a Clock, | 
(No. 14.) and all the inſide Work is ſo truly 
wrought, that it requires but a very ſmall 
Strength to put the Whale in Motion. 
Above the Handle, there is a Cylindrical 
Pin, which may be drawn a little out, or 
puſhed in, at pleaſure: When it is puſhed in, 
all the Planets both Primary and Secondary 
will move according to their reſpective Pe- 
riods, by turning the Handle: when it i f 
drawn out, the Motions of the Satellites of b 
Jupiter and Saturn will be ſtopped, while WI ! 
: 
| 


all the reſt move without Interruption, 
This 1s a very good Contrivance to preſerve | 
the Inſtrument from being clogged by the | 
ſwift Motions of the Wheels belonging to MI 
the Satellites of Jupiter and Saturn, when WI * 
the Motions of the reſt of the Planets are only WM 
conſidered. 
There is alſo a Braſs Lamp, having two 

convex Glaſſes, to be put in the room of 
the Sun; and alſo a ſmaller Earth and Moon, 


ſtance 


ut ſtance from each other, which may be put 
er on at pleaſure, 

The Lamp turns round in the ſame Time 
with the Earth, and by means of the Glaſſes 
caſts a ſtrong Light upon her: And when the 
ſmaller Earth and Moon are placed on, it 
will be eaſy to ſhew when either of them 
may be eclipſed. 

Having thus given a brief Deſcription of 
the outward Part of this Machine, I ſhall 
next give an Account of the Phenomena 
explained by it when it is put into Motion. 


I, Of the Motions of the Planets in general. 


Having put on the Handle, puſh in the 
Pin which 1s juſt above it, and place a ſmall 
black Patch, or Bit of Wafer, upon the 
Middle of the Sun (for Inſtance) right a- 
gainſt the firſt Degree of P: you may alſo 
place Patches upon Venus, Mars and Fupi- 
ter, right againſt ſome noted Point in the 
Ecliptick. If you lay a Thread from the 
Sun to the firſt Degree of Y, you may ſet 
a Mark where it interſects the Orbit of each 
Planet; and that will be a Help to note the 
Time of their Revolutions. 

One entire Turn of the Handle anſwers 
to the Diurnal Motion of the Earth round 
her Axis; as may be ſeen by the Motion of 
the Hour-Index which is placedat the Foot E 

tne 
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Period in the Times mentioned in the Ta- 
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the Wire on which the Terella is fixed. ht 
When the Index has moved the Space of ten Ml ae 
Hours, you may obſerve that Jupiter has W © 
made one Revolution compleat round its MW of 
Axis; the Handle being turned until the M 
Hour-Index has paſſed over 23 Hours, will ¶ tio 
bring the Patch upon Venus to its former ¶ be 
Situation with reſpect to the Ecliptick, ¶ th 
which ſhews that yp has made one entire Re- MW is 
volution round her Axis. Mars makes one Wl fre 
compleat Revolution round his Axis in 24 Wl & 
Hours and about 40 Minutes. When the E 
Handle is turned 2 5: times round, the Spot N 
upon the Sun will point to the ſame Degree WW tt 
of the Ecliptick, as it did when the Inſtru- t 
ment was firſt put into Motion. By ob- 
ſerving the Motions of the Spots upon the 


* — — 
— =» 


Surface of the Sun, and of the Planets in WM | 
the Heavens, their Diurnal Motion was ! 
_ diſcovered; after the ſame Manner as we Wl | 


do here obſerve the Motions of their Re- 
preſentatives, by that of the Marks placed 
upon them, ; | 
If while you turn the Handle you obſerve | 
the Planets, you will ſee them perform their } 
Motions in the fame relative Times as they | 
really do in the Heavens; each making its 


"MY » —_— Lk 1 Fe 


bles, Page 24. 271 Turns of the Handle will 
bring the Moon round the Earth, which is 
called a Periodic Month, and all the while 
ſhe keeps the ſame Face towards the _ : 
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tr the Moon's Annual and Diurnal Motion 
re performed both in the ſame Time nearly, 
o that we always ſee the ſame Face or Side 
of the Moon. | 

If, before the Inſtrument is put into Mo- 
tion, the Satellites of Jupiter and Saturn 
be brought into the ſame right Line from 
their reſpective Primaries, you'll ſee them, 
as you turn the Handle, immediately diſpers'd 
from one another, according to their dif- 
ferent Celerities. Thus one Turn of the 
Handle will bring the firſt of Jupiter's 
Moons about 4 Part round Jupiter; while 
the ſecond has deſcribed but : Part, the 
the third about , and the fourth not quite 
Part, each of its reſpective Orbit. If 
you turn the Handle until the Hour-Index 
has moved 18: Hours more, the firſt Satel- 
lite will be then brought into its former Po- 
tion, and ſo has made one entire Revolu- 
tion; the ſecond at the ſame time will be 
almoſt diametrically oppoſite to the firſt; 
and fo has made a little more than half of 
one Revolution: the others will be in dif- 
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ferent Aſpects, according to the Length of 


their Periods, as will be plainly exhibited 
by the Inſtrument. The ſame Obſervations 
may be made with reſpect to the Satellites of 
Saturn. 

The Machine is ſo contrived, that the 
Handle may be turned either Way ; and if 


before you put it into Motion, you obſerve 
1 8 the 


ö 
" 
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the Aſpect (or Situation with reſpect to 
each other) of the Planets, and then turn 
the Handle round any Number of Times; 
the ſame Number of Revolutions being 
made backwards, will bring all the Planets 
to their former Situations, I ſhall next pro- 


cced to Particulars; 


| Of the Stations and Retrogradatioris of te 


Planets. 


The Primary Planets, as they all turn 
round the Sun, at different Diſtances and 
in different Times, appear to us from the 
Earth to have different Motions; as ſome- 
times they appear to move from Weſt to 
Eaſt, according to the Order of the Signs, 
which is called their direct Motion; then 
by Degrees they ſlacken their Pace, untilat 
laſt they loſe all their Motion, and become 


Stat ionary. &tationary, or not to move at all; that 1s, 


they appear in the ſame Places with reſpect 
to the Fixed Stars for ſome Time together: 
After which, they again begin to move, but 

with a contrary Direction, as from Eaſt to 


Retrograde Weſt; which is called their retrograde Mo- 
Moti 1 | : 
Marion of tion: Then again they become Stationary, 


and afterwards re- aſſume their direck Mo- 
tion. The Reaſon of all theſe Appeatances 
is very evidently ſhewn by the Orrery. 


I. Of 


4. K 


Of the Stations, &c. of the inferior Planets. 


We ſhall inſtance in the Planet Mercury, 
becauſe his Motion round the Sun differs 
more from the Earth's than that of Venus 
does. 

When Mercury is in his ſuperior Conjun- 
ction (or when he is in a direct Line from 
the Earth beyond the Sun) faſten a String 
about the Axis of the Earth, and extend it 
over Mercury to the Ecliptick; then turning 
the Handle, keep the Thread all the while 
extended over Y, and you'll find it move 


with a direct Motion in the Ecliptick, but 


continually ſlower, until Mercury has the 
greateſt Elongation from the Farth. Near 
this Poſition, the Thread for ſome time 
will lay over Mercury without being moved 


in the Ecliptick, tho the Earth and Mercury 


both continue their progreſſive Motion in 
their reſpective Orbits. When Mercury has 
got a little paſt this Place, you'll find the 
Thread muſt be moved backward in the E- 
cliptick, beginning firſt with a flow Motion, 
and then faſter by Degrees, until Mereury 1s 
in his inferior Conjunction, or directly be- 
twixt the Earth and the Sun. Next this Poſi- 


ſwifteſt; but he ſtill moves the ſame Way, 
tho' continually flower, till he has again 
M come 
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tion of Y, his retrograde Motion will be the 
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come to his greateſt Elongation, where he 
will appear the ſecond time to be Stationary; 


after which, he begins to move forward, 
and that faſter by Degrees, until he is come 


to the ſame Poſition with reſpect to the | 
Earth, that he was in at firſt, The ſame | 
Obſervations may be made relating to the | 
| Motions of Venus. In like manner, the 


different Motions, obſerved in the ſuperior 


Planets, may be alſo explain'd by the Orrery, | 


If you extend the Thread over Jupiter, and 


proceed after the ſame manner as before we | 


did in regard to Mercury, you'll find that 


from the Time Jupiter is in Conjunction 
with the Sun, his Motion is direct, but con- 
tinually ſlower until the Earth is nearly in a 
Quadrate Aſpect with Jupiter; near which 


Poſition Jupiter ſeems to be Stationary : Af- 


ter which, he begins to move, and ſo conti- } 
nually mends his Pace, until he comes in Op- 
poſition to the Sun, at which Time his retro- 
grade Motion is ſwifteſt. He ſtill ſeems to 
go backward, but with a flower Pace, till | 
the Earth and he are again in a Quadrate Aſ- 


ſpect, where Jupiter ſeems to have loſt all 
his Motion; after which, he again reſumes 


his direct Motion, and ſo proceeds faſter by | 
Degrees, till the Earth and he are again in 


Oppoſition to each other. 


Theſe different Motions obſerved in the 


Plate 3. Planets, are eaſily illuſtrated as followeth: 


Fig. 1. 


The leſſer Circle round the Sun is the Orbit 
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of Mercury, in which he performs his Re- 


volution round the Sun in about three 
Months, or while the Earth is going through 
Part of her Orbit, or from A to N. The 
Numbers 1, 2, 3, &c. in the Orbit of Mer- 


cury, ſhew the Spaces he deſcribes in a Week 


nearly; and the Diſtances AB, BC, CD, Sc. 
in the Earth's Orbit, do likewiſe ſhew her 
Motion in the ſame Time. The Letters 
A, B, C, &c. in the great Orb, are the Mo- 
tions of Mercury, in the Heavens, as they 


appear from the Earth. Nov if the Earth 


be ſuppoſed in A, and Mercury in 12, near 
his ſuperior Conjunction with the Sun; a 


Spectator on the Earth will ſee 5, as if 


he were in the Point of the Heavens A; and 
while 7 is moving from 12 to 1, and from 
1 to 2, &c. the Earth in the fame Time alſo 
moves from A to B, and from B to C, &c. 
All which Time & appears in the Heavens to 
move in a direct Motion from A to B, and 
from B to C, Gc. but gradually ſlower un- 
till he arrives near the Point G, near which 
Place he appears Stationary, or to ſtand ſtill: 
and afterwards (though he ſtill continues to 
move uniformly in his owa Orbit with a 
progreſſive Motion) yet in the Sphere of the 
Fix d Stars he'll appear to be retrograde, or to 
go backwards, as from G to H, from H to 
I, Sc. until he has arrived near the Point L, 
where again he'll appear to be Stationary, and 
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afterwards to move in a direct Motion from 
L to M, and from M to N, Ge. 
What has been here ſhewed concerning 


the Motions of Mercury, is alſo to be un- 
derſtood of the Motions of Venus; but the 
Conjunctions of Venus with the Sun do not 
happen ſo often as in Mercury; for Venus 
moving in a larger Orbit, and much flower | 


_ — nm 


than Mercury, does not ſo often overtake M! 
the Earth. But the Retrogradations are WM! 


much greater in Venus than they are in Mer- } 


cury, for the fame Reaſons. 


The innermoſt Circle repreſents the Earth's M' 
Orbit, divided into twelve Parts, anſwer- WM 
ing to her Monthly Motion: The greateſt YM. 
Circle is the Orbit of Jupiter, which he de- 
ſcribes in about 12 Years; and therefore the 
Ys thereof, from A to N, defines his Mo- 
tion, in one of our Years nearly; and the 
intermediate Diviſions, A, B, C, Sc. his 
Monthly Motion. Let us ſuppoſe the Earth 


to be in the Point of her Orbit 12, and Ju- 


piter in A, in his Conjunction with the 


Sun: It is evident, that from the Earth, Ju- 


piter will be ſeen in the Great Orb, or in 
the Point of the Heavens A; and while the 
Earth is moving from 12 to 1, 2, Sc. 1 
alſo moves from A to B, C, Gc. all which 
Time he appears in the Heavens to move with 


a direct Motion from A to B, C, Gc. until 


he comes in Oppoſition to the Earth near the 


Point of the Heavens E, where he appears 
to 


| Y that the Retrogradations of the ſuperior 
Planets are much ſlower than their direct 
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to be Stationary : After which J again be- 
gins to move (tho at firſt with a ſlow Pace) 
from E through F, H, I, to K; where again 
he appears to ſtand ſtill ; but afterwards he 
reafſumes his direct Motion from I, through 
K, to M, Se. 

From the Conſtruction of the preceding 


Figure, it appears, that when the ſuperior 
Planets are in Conjunction with the Sun, 


Y: their direct Motion is much quicker than at 


other times; and that, becauſe they reall 


move from Weſt to Eaſt, while the E 
nn the oppoſite Part of the Heavens is carried 


the ſame Way, and round the ſame Cen- 
ter. This Motion afterwards continually 


Y flackens, until the Planet comes almoſt in 


Oppoſition to the Sun, when the Line join- 
ing the Earth and Planet will continue far 
ſome Time nearly parallel to itſelf, and fo 
the Planet ſeems from the Earth to ſtand 
ſtill; after which, it begins to move with a 
ſlow Motion backward, until it comes 


= into a Quartile Aſpect with the Sun, when 


again it will appear to be Stationary for the 
above Reaſons. After that, it will reſume 
is direct Motion, until it comes into a Con- 

junction with the Sun, when it will proceed 
as above explained. Hence, it alſo appears 


Motions, and their Continuance much ſhort- 
er; for the Planet, from its laſt Quarter, 


until it comes in Oppoſition to the Sun, ap- 
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pears to move the ſame Way with the Earth, 
by whom it is then overtaken: After which | 
it begins to go backwards, but with a flow | 
Motion, becauſe the Earth being in the ſame |} 
Part of the Heavens, and moving the fame 8 
Way, that the Planet really does, the appa- 
rent Motion of the Planet backwards muſt *? 
thereby be leſſened. 

What has been here ſaid concerning the 
Motions of Jupiter, is alſo to be under- 


ſtood of Marsand Saturn. But the Retro- 


gradations of Saturn do oftner happen than 
thoſe of Jupiter, becauſe the Earth oftner 
overtakes Saturn; and for the ſame Reaſon, 
the Regreſſions of Jupiter do oftner happen 
than thoſe of Mars. But the Retrogradations 
of Mars are much greater than thoſe of 
Jupiter; whoſe are alſo much greater than 

thoſe of Saturn, 

In either of the Satellites of Jupiter or 
Saturn, theſe different Appearances in the 
neighbouring Worlds, are much oftener ſeen 
than we do in the Primary Planets. 

We never obſerve theſe different Motions 
in the Moon, becauſe ſhe turns round the 
Earth as her Center; neither do we obſerve 
them in the Sun, becauſe he is the Centre 


of the Earth's Motion, whence the apparent 


Motion of the Sun always appears the ſame | 
way round the Earth, | 


Of | 
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Of the Annual and Diurnal Motion of the 
Earth, and of the Increaſe and Decreaſe 
of Days and Nights. 


The Earth in her Annual Motion round 
the Sun has her Axis always in the ſame 
Direction, or parallel to itſelf : That is, if a 
Line be drawn parallel to the Axis while 
the Earth is in any Point of her Orbit, the 
Axis, in all other Poſitions of the Earth, 
will be parallel to the ſaid Line. This Pa- 
ralleliſm of the Axis, and the ſimple Mo- 
tion of the Earth in the Ecliptick, ſolves all 
the Phenomena of different Seaſons. Theſe 
Things are very well illuſtrated by the 
Orrery. 

If you put on the Lamp in the Place of 
the Sun, you will ſee how one Half of our 
Globe is always illuminated by the Sun, while 
the other Hemiſphere remains in Darkneſs; 
how Day and Night are formed by the Re- 
volution of the Earth round her Axis: For 
as ſhe turns from Weſt to Eaſt, the Sun 
appears to move from Eaſt to Weſt. And 
while the Earth turns in her Orbit, you 
may obſerve that her Axis always points the 
ſame Way; and the ſeveral Seaſons of the 
Year continually change. 

To make theſe things plainer, we will 
take a View of the Earth in different Parts 


of her Orbit. 
M 4 When 
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When the Earth is in the firſt Point of 
Libra (which is found by extending a Thread 
from the Sun and over the Earth to the E- 
cliptick) we have the Vernal Equinox, and 
the Sun at that Time appears in the firſt 
Point of P. In this Poſition of the Earth, 
the two Poles of the World are in the Line 
ſeparating Light and Darkneſs; and as the 
Earth turns round her Axis, juſt one Half 
of the Equator and all its Parallels, will 
be in the Light, and the other Half in the 
Dark; and therefore the Days and Nights 
mult be every where equal. | 

As the Earth moves along in her Orbit, 
you'll perceive the North Pole advances by 
Degrees into the illuminated Hemiſphere, 
and at the ſame Time, the South Pole re- 
cedes into Darkneſs; and in all Places to the 
Northward of the Equator, the Days con- 
tinually lengthen, while the contrary hap- 
pens in the Southern Parts, until at length 
the Earth is arrived in Capricorn. In this 
Poſition of the Earth, all the Space, in- 
cluded within the Arctick Circle, falls 
wholly within the Light; and all the op- 
polite Part, lying within the Antarctick 
Circle, is quite involved in Darkneſs, In 
all Places between the Equator and the 
Arctick Circle, the Days are now at the 
longeſt, and are gradually longer as the 
Places are more remote from the Equator : 
In the Southern Hemiſphere there is a con- 
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trary Effect. All the while the Earth is tra- 


velling from Capricorn towards Aries, the 


North Pole gradually recedes from the Light, 
and the South Pole approaches nearer to it: 
the Days in the Northern Hemiſphere gra- 
dually decreaſe, and in the Southern Hemi- 
ſphere they increaſe in the ſame Proportion, 


until the Earth be arrived in P; then the 


two Poles of the World lie exactly in the 
Line ſeparating Light and Darkneſs, and 
the Days are equal to the Nights in all 
Places of the World. As the Earth advances 
towards Cancer, the North Pole gradually 
recedes from the Light, while the Southern 
one advances into it at the ſame rate: in 
the Northern Hemiſphere the Days decreaſe, 
and in the Southern ones they gradually 
lengthen, until the Earth being arrived in 
Cancer, the North Frigid Zone is all in- 
volved in Darkneſs, and the South Frigid 
Zone falls entirely within the Light: the 
Days every where in the Northern Hemi- 
ſphere are now at the ſhorteſt, and to the 
Southward they are at the longeſt. As the 
Earth moves from hence towards Libra, the 
North Pole gradually approaches the Light, 
and the other recedes from it: and in all 
Places to the Northward of the Equator, 
the Days now lengthen, while in the o 

poſite Hemiſphere they gradually ſhorten, 
until the Earth has got into : in which 
Poſition, the Days and Nights will * 
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be of equal Length in all Parts of the 
World. | 

You might have obſerved, that in all 
Poſitions of the Earth, one Half of the Equa- 
tor was in the Light, and the other Half in 
Darkneſs; whence under the Equator, the 
Days and Nights are always of the fame 
Length: And all the while the Earth waz 
going from t2; towards P, the North Pole 
was conſtantly illuminated, and the South 
Pole all the while in Darkneſs; and for the 

er Halt Year the contrary. Sometimes 
ther e Semicircle exactly facing the Sun, 
fixed over the Middle of the Earth, which 
may be called the Horizon of the Diſk: 


This will do inſtead of the Lamp, if that 


Half of the Earth which is next the Sun be 
conſidered, as being the illuminated Hemi- 


ſphere, and the other Half to be that which 
lies in Darkneſs, 


The great Circle P, &, I, Oc. repre- 


ſent the Earth's annual Orbit ; and the four 


leſſer Circles ESQC, the Ecliptick upon the 
Surface of the Earth, coinciding with the 
great Ecliptick inthe Heavens. Theſe four leſ- 
{er Figuresrepreſent the Earth in the four Car- 


dinal Points of the Ecliptick; P being the 


North Pole of the Equator, and p the North 
Pole of the Ecliptick; SPC the Solftitial 
Colure, which is always parallel to the great 
Solſtitial Colure S £% W in the Heavens; 
E PQ the Equinoctial Colure. The me 
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Circles paſſing thro' P, are Meridians at two 
Hours Diſtance from one another ; the Semi- 


circle E AQ 1s the Northern Half of the 


Equator ; the Paralle] Circle touching the 
Ecliptick in S, 1s the Tropick of Cancer ; 
the dotted Circle, the Parallel of London ; 
and the ſmall Circle, touching the Pole of 
the Ecliptick, is the Ar#ick Circle, The 
ſhaded Part, which is always oppoſite to 
the Sun, is the obſcure Hemiſphere, or that 
which lies in Darkneſs; and that which is 
next the Sun, is the illuminated Hemiſphere. 

If we ſuppoſe the Earth in Q, ſhe'll then 
ſee the Sun in Y, (which makes our vernal 
Equinox) and in this Poſition, the Circle, 
bounding Light and Darkneſs, which here 
is 8 C, paſſes thro' the Poles of the World, 
and biſſects all the Parallels of the Equator; 
and therefore the Diurnal and Nocturnal 
Arches, or the Lengths of the Days and 
Nights, are equal in all Places of the World. 

But chile the Earth, in her annual Courſe, 


moves through H, 7, to W, the Line SC, 
keeping ſtill parallel to itſelf, or to the Place 


where it was at firſt, the Pole P will, by 
this Motion, gradually advance into the illu- 
minated Hemiſphere; and alſo the Diurnal 
Arches of the Parallels gradually increaſe, 
and conſequently the Nocturnal ones de- 
creaſe in the ſame Proportion, until the 
Earth has arrived into W; in which Poſition 


the Pole P, and all the Space within the 


Arctick 
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Arctick Circle, fall wholly within the illy.. * 
minated Hemiſphere; and' the Diurnal 
Arches of all the Parallels that are without 
this Circle, will exceed the Nocturnal 
Arches more or leſs, as the Places are nearer ' 
to, or farther off from it; until the Di- | 
ſtance from the Pole is as far as the Equator, | 
where both theſe Arches are always equal. | 

Again, while the Earth is moving from 
W, thro , HK, to P; the Pole P begins to 
incline to the Line, diſtinguiſhing Light and 
Darkneſs, in the ſame Proportion that be- 
fore it receded from it; and conſequently 
the Diurnal Arches gradually leſſen, until 


the Earth has arrived into V; where the 


Pole P will again fall in the Horizon, and 
ſo cauſe the Days and Nights to be every 
where equal. But when the Earth has paſſed 
NT, while ſhe is going thro' & and I, &c. 
the Pole P will begin to fall in the obſcure * 
Hemiſphere, and ſo recede gradually from 
the Light, until the Earth is arrived in G; 

in which Poſition, not only the Pole, but 


all the Space within the Arctick Circle, are 


involved in Darkneſs; and the Diurnal 
Arches of all the Parallels, without the 
Arctick Circle, are equal to the Nocturnal 
Arches of the ſame Parallels, when the Earth 
was in the oppoſite Point W: And it is evi- 
dent, that the Days are now at the ſhorteſt, 
and the Nights the longeſt. But when the 
Earth has paſt this Point, while ſhe is goin 
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through AN, and i, the Pole P will again 
gradually approach the Light, and ſo the . 
Diurnal Arches of the Parallels gradually . 
lengthen, until the Earth is arrived in Q; 
at which Time the Days and Nights will again 
be equal in all Places of the World, and the 
Pole itſelf juſt ſee the Sun. 

Here we only confidered the Phenomena 
belonging to the Northern Parallels; but if 
the Pole P be made the South Pole, then all 
the Parallels of Latitude will be Parallels of 
South Latitude; and the Days every where, 
in any Poſition of the Earth, will be equal to 
the Nights of thoſe who live in the oppoſite 
Hemiſphere, under the ſame Parallels. 


Of the Phaſes of the Moon, and of ber 
Motion in ber Orbit. 

The Orbit of the Moon makes an Angle 
with the Plane of the Ecliptick of above 
5: Degrees, and cuts it into two Points, 
diametrically oppoſite (after the ſame Man- 
ner, as the Equator and the Ecliptick cut each 
other upon the Globe in P and which 
Points are called the Nodes; and a right Line Nude. 
joining theſe Points, and paſſing through 
the Center of the Earth, is called the Line Line of the 
of the Nodes. That Node where the Moon 
begins to aſcend Northward above the Plane 
of the Ecliptick, is called the Aſcending 
Node, and the Head of the Dragon, and Dragon'; 
is thus commonly marked Q. The other 
Node, from whence the Moon deſcends s 

tne 
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Dragon's 


Tail. 
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the Southward of the Ecliptick is called the 
Deſcending Node, and the Dragon Tail, 


and is mark'd . The Line of the Nodes 


continually ſhifts itſelf from Eaſt to Weſt, 
contrary to the Order of the Signs; and 


Retrograde With this Retrograde Motion, makes one 
Motion of Revolution round the Earth, in the Space 


the Nodes. 


of about 19 Years, 
The Moon deſcribes its Orbit round the 
Earth in the Space of 27 Days and 7 Hours, 


Periodical which Space of Time is called a Periodical 
0nt 13, 


Synodical 


nth. 


Month; yet from one Conjunction to the 
next, the Moon ſpends 29 Days and a half, 
which is called a Synodical Month; becauſe 
while the Moon in her proper Orbit finiſhes 
her Courſe, the Earth advances near a whole 
Sign in the Ecliptick, which Space the Moon 
has ſtill to deſcfibe before ſhe will be ſeen in 
Conjunction with the Sun. 8 
When the Moon is in Conjunction with 
the Sun, note her Place in the Ecliptick; 
then turning the Handle, you'll find that 
27 Days and 7 Hours will bring the Moon 
to the ſame Place; and after you have made 
2. Revolutions more, the Moon will be 


exactly betwixt the Sun and the Earth. 


The Moon all the while keeps in her 
Orbit, and ſo the Wire that ſupports her 


continually riſes or falls in a Socket, as ſhe 
changes her Latitude; the black Cap ſhifts 


Pheſes of it{elt, and fo ſhews the Phaſes of the Moon, 


Aube, according to her Age, or how much of her 


. EN» 
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enlighten'd Part is ſeen from the Earth. In 
one ” Synodical Month, the Line of the 
Nodes moves about 13 Degree from Weſt 
to Eaſt, and ſo makes one entire Revolution 
in 19 Years, ' 

Let AB be an Arch of the Earth's Orbit, 
and when the Earth is in T, let the Moon 
be in N, in Conjunction with the Sun in 8; 
while the Moon is deſcribing her Orbit 
NAF D, the Earth will deſcribe the Arch 
of her Orbit Tf; and when the Earth has 
got into the Point , the Moon will be in 
the Point of her Orbit 7; having made one 
compleat Revolution round the Earth. But 
the Moon, before ſhe comes in Conjunction 
with the Sun, muſt again deſcribe the Arch 
no; which Arch i is fimilar to T , becauſe 
the Lines FN, /n, are parallel; and be- 
cauſe while the Moon deſcribes the Arch 
n, the Earth advances forward in the E- 
diptick; the Arch deſcribed by the Moon, 


after ſhe has finiſhed her Periodical Month, 


before ſhe makes a Synodical Month, muſt 
be ſomewhat greater than . To deterinine | 
the mean Length of a Synodical Month ; find 
the Diurnal Motion of the Moon (or the 
Space ſhe deſcribes round the Earth in one 
Day) and likewiſe the Diurnal Motion of the 
Earth ; then the Difference betwixt theſe two 
Motions, i is the apparent Motion of the Moon 


round the Earth in one Day: Then it will 


be, As this differential Arch, is to a whole 
Circle; 
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Circle; ſo is one Day, to that Space of 
Time wherein the Moon appears to de. 
ſcribe a compleat Circle round the Earth, 
which is about 29+ Days: But this is not 
always a true Lunation; for the Motion of 
the Moon is ſometimes faſter and ſometimes 


flower, according to the Poſition of the 


Earth in her Orbit. 

In one Synodical Month, the Moon has 
all manner of Aſpects with the Sun and 
Earth; and becauſe ſhe is opaque, that Face 


of hers will only appear bright which is to- 
wards the Sun, while the oppoſite remains 


in Darkneſs. But the Inhabitants of the 


Earth can only ſee that Face of the Moon 
which is turned towards the Earth ; and 
therefore, according to the various Poſitions 
of the Moon, in reſpe& of the Sun and 
Earth, we obſerve different Portions of her 
illuminated Face, and ſo a continual Change 
in her * Phaſes. 

Let S the Sun, RTV an Arch of the 
Earth's Orbit, T the Earth, and the Circle 
ABCD, &c. the Moon's Orbit, in which 
ſhe turns round the Earth, in the Space of 
a Month; and let A, B, C, Gc. be the 


Centers of the Moon in different Parts of 
her Orbit. 


® Phaſes of the Moon are thoſe different Appearances we >- 
ſerve in her, according to her Poſition in reſpect of the Sun and 


Now 
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Now if with the Lines SA, S B, Ge. 
we join the Centers of the Sun and Moon, 
and at right Angles to theſe, draw the Lines 
H O; the ſaid Lines HO, will be the Circles 
that ſeparate the illuminated Part of the 
Moon, from the dark and obſcure: Again, 
if we conceive another Line I L, to be 
drawn at right Angles to the Lines T A, 
T B, &c. paſſing from the Center of the 

Earth to the Moon, the ſaid Line IL will 
divide the viſible Hemiſphere of the Moon, 
or that which is turned towards us, trom 
the inviſible, or that which is turned from 
us; and this Circle may be called the Circle 
of Viſion. | 

Now it is manifeſt, that whenever the Fu! on. 
Moon is in the Poſition A, or in that Point 
of her Orbit which is oppolite to the Sun, 
the Circle of Viſion, and the Circle bound- 
ing Light and Darkneſs, do coincide, and 
all the illuminated Face of the Moon is 
turned towards the Earth, and is viſible to 
us; and in this Poſition the Moon is ſaid to 
be full. But when the Moon arrives to B, 
all her illuminated Face is then not towards 
the Earth, there being a Part of it, H BI, 
not to be ſeen by us; and then her viſible 
Face is deficient from a Circle, and appears 

* of a gibbous Form, as in B. Fig. 3. Again, 

when ſhe arrives to C, the two foremention'd 

onll Circles cut each other at right Angles, and 

then we obſerve a Half Moon, as in C, ll Moon. 
| ; N | Fig. 


＋ 
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Fig. 3. And again, the illuminated Face 


of the Moon is more and more turned from 
the Earth, until ſhe comes to the Point E, 
where the Circle of Viſion, and that bound- 
ing Light and Darkneſs, do again coincide, 
Here the Moon diſappears, the illuminated 
Part being wholly turned from the Earth; 
and ſhe is now faid to be in Cynjunction 
with the Sun, becauſe ſhe is in the ſame 
Direction from the Earth, that the Sun is 
New Moen in, which Poſition we call a New Moon. 
When the Moon is arrived to F, ſhe again 
reſumes a horned Figure; but her Horns 
| (which before the Change were turn'd Welſt- 
ward) have now changed their Poſition, and 
look Eaſtward. When ſhe has arrived to a 
Quadrate Aſpect at G, ſhe'll appear biſſected, 
like a Half Moon; afterwards ſhe'll {till grow 
bigger, until at laſt ſhe comes to A, where 
again ſhe'll appear in her full Splendour, 
The ſame Appearances which we obſerve 
in the Moon, are likewiſe obſerved by the 
Lunarians in the Earth; our Earth being 
a Moon to them, as their Moon 1s to us; 
and we are obſerved by them to be carried 
round in the ſame Space of Time, that they 
are really carried round the Earth. But the 
ſame Phaſes of the Earth and Moon happen 
when they are in a contrary Poſition ; for 
when the Moon is in Conjunction to us, the 
Earth is then in Oppoſition to the Moon, 
and the Lunarians have then a full Earth, 
. as 
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as we in a ſimilar Poſition have a full Moon. 
When the Moon comes in Oppoſition to 
the Sun, the Earth, ſeen from the Moon, 
will appear in Conjunction with her, and in 
that Poſition the Earth will diſappear; after- 
wards ſhe'll aſſume a horned Figure, and 
ſo ſhew the ſame Phaſes to the Inhabitants 
of the Moon as ſhe does to us, 


Of the Eclipſes of the Sun and Mom. 


An Eclipſe is that Deprivation of Light 
in a Planet, when another 1s interpoſed be- 
twixt it and the Sun. Thus, an Eclipſe of 
the Sun 1s made by the Interpoſition of the 
Moon at her Conjunction; and an Eclipſe 
of the Moon is occaſioned by the Shadow 
of the Earth falling upon the Moon, when 
ſhe is in Oppoſition to the Sun, 

Let S be the Sun, T the Earth, and 
ABC its Shadow ; now if the Moon, when 
ſhe is in Oppoſition to the Sun, ſhould come 
into the conical Space ABC, ſhe'll then 
be deprived of the Solar Light, and ſo un- 
dergo an Eclipſe, 

in the ſame manner when the Shadow of 


the Moon falls upon the Earth ( which can 


never happen but when the Moon is in Con- 


junction with the Sun) that Part upon which 


the Shadow falls, will be involved in Dark- 
neſs, and the Sun eclipſed, But becauſe the 
Moon is much leſs than the Earth, the Sha- 
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Fig. 3. And again, the illuminated Face 
of the Moon is more and more turned from 
the Earth, until ſhe comes to the Point E, 
where the Circle of Viſion, and that bound- 
ing Light and Darkneſs, do again coincide, 
Here the Moon diſappears, the illuminated 
Part being wholly turned from the Earth; 
and ſhe is now ſaid to be in Conjunction 
with the Sun, becauſe ſhe is in the ſame 
Direction from the Earth, that the Sun is 
New Mocn jn, which Poſition we call a New Moon. 
When the Moon is arrived to F, ſhe again 
reſumes a horned Figure; but her Horns 
(which before the Change were turn'd Weſt- 
ward) have now changed their Poſition, and 
look Eaſtward. When ſhe has arrived to a 
Quadrate Aſpect at G, ſhe'll appear biſſected, 
like a Half Moon; afterwards ſhe'll {till grow 
bigger, until at laſt ſhe comes to A, where 

again ſhe'll appear in her full Splendour. 
The ſame Appearances which we obſerve 
in the Moon, are likewiſe obſerved by the 
Lunarians in the Earth; our Earth being 
a Moon to them, as their Moon 1s to us; 
*. and we are obſerved by them to be carried 
round in the ſame Space of Time, that they 
are really carried round the Earth. But the 
ſame Phaſes of the Earth and Moon happen 
when they are in a contrary Poſition; for 
when the Moon is in Conjunction to us, the . 
Earth is then in Oppoſition to the Moon, 
and the Lunarians have then a full Earth, 
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as we in a ſimilar Poſition have a full Moon. 
When the Moon comes in Oppoſition to 
the Sun, the Earth, ſeen from the Moon, 
will appear in Conjunction with her, and in 
that Poſition the Earth will diſappear; after- 
wards ſhe'll aſſume a horned Figure, and 
ſo ſhew the ſame Phaſes to the Inhabitants 
of the Moon as ſhe does to us, 


Of the Eclipſes of the Sun and Mom, 


An Eclipſe is that Deprivation of Light Ec. 
in a Planet, when another 1s interpoſed be- 
twixt it and the Sun. Thus, an Eclipſe of 
the Sun is made by the Interpoſition of the 
Moon at her Conjunction ; and an Eclipſe 
of the Moon is occaſioned by the Shadow 
of the Earth falling upon the Moon, when 
ſhe is in Oppoſition to the Sun, 
Let S be the Sun, T the Earth, and 7s 4- 
ABC its Shadow ; now if the Moon, when 
ſhe is in Oppoſition to the Sun, ſhould come 
into the conical Space ABC, ſhe'll then 
be deprived of the Solar Light, and fo un- une E- 
dergo an Eclipſe, 8 a 
in the ſame manner when the Shadow of | 
the Moon falls upon the Earth ( which can 
never happen but when the Moon is in Con- 
junction with the Sun) that Part upon which 
the Shadow falls, will be involved in Dark- 
neſs, and the Sun eclipſed, But becauſe the | 
Moon is much leſs than the Earth, the Sha- $2: E. 
or — dow „le. 
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dow of the d cannot cover the whole Earth, 
but only a Part of it. Let S be the Sun, 
T the Earth, A BC the Moon's Orbit, and 
L the Moon in Conjunction with the Sun: 
Here the Shadow of the Moon falls only 
upon the Part DE of the Earth's Surface, 
and there only the Sun is intirely hid ; but 
there are other Parts EF, DG, on each Side 
of the Shadow, where the Inhabitants are 
deprived of Part of the Solar Rays, and that 
more or leſs according to their Diſtance from 
the Shadow, Thoſe who live at H and 
I, will fee half of the Sun eclipſed: But in 
the Spaces FM, GN, all the Sun's Body will 
be viſible without any Eclipſe. From the 
preceeding Figure it appears, that an Eclipſe 
of the Sun does not reach a great way upon 
the Superficies of the Earth: But the whole 
Body of the Moon may ſometimes be in- 
volved in the Earth's Shadow. 

Although the Moon ſeen from the Earth. 
and the Earth ſeen from the Moon, are each 

alternately once a Month in Conjunction 
with the Sun; yet by reaſon of the Incli- 
nation of the Moon's Orbit to the Eclip- 
tick, the Sun is not eclipſed every New 
Moon, nor the Moon at every Full. Let T 
be the Earth, DT E an Arch of the Ecliptick, 
ALBF the Moon's Orbit, having the Earth 
T in its Center; and let AGBC be another 
Circle coinciding with the Ecliptick, and 
A, B, 
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A, B, the Nodes, or the two Points where 
the Moon's Orbit and the Ecliptick cut each 
other; A the aſcending Node, and B the 
deſcending Node. The Angle GAL equal 
to GBL is the Inclination of the Moon's 
Orbit to the Ecliptick, being about 5 De- 
grees. Now a Spectator from the Earth 
at T, will obſerve the Sun to move in the 
Circle AGBC, and the Moon in her Or- 
bit ALBF; whence it is evident, that the 
Sun and Moon can never be ſeen in a direct 
Line from the Center of the Earth, but 
when the Moon is in one of the Nodes A 
or B; and then only will the Sun appear 
centrally eclipſed. But if the Conjunction 
of the Moon happens when ſhe is any 
where within the Diſtance Ac of the Nodes 
either North or South, the Sun will be 
then eclipſed more or leſs according to the 
Diſtance from the Node A, or B. if the 
Conjunction happens when the Moon is in 
„ the Sun will be then one half eclipfed; 
and if it happens when ſhe is in c, the 
Moon's Limb will juſt touch the Sun's Diſk, 
without hiding any Part of it. 

The Shadow of the Earth at the Place 
where the Moon's Orbit interſects it, is three 
times as large as the Moon's Diameter, as in 
Fig. 4. and therefore it often happens that 
Eclipſes of the Moon are total, when they 
are not central; And for the ſame Reaſon 
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the Moon may ſometimes be totally eclipſed 
for three Hours together ; whereas total 
Eclipſes of the Sun can ſcarcely ever exceed 
four Minutes. 

The Eclipſes of the Sun and Moon are 
very well explained by the Orrery: Thus, 
having put the Lamp in the Place of the 


Sun, and the little Earth and the little Moon 


in their proper Places, inſtead of the larger 
ones, let the Room wherein the Inſtrument 
ſtands be darken'd; then turning the Han- 
dle about, you'll ſee when the Conjunction 


of the Moon happens. When ſhe is in or 


near one of the Nodes, her Shadow will 
fall upon the Earth, and ſo deprive that Part 


upon which it falls of the Light of the Sun: 


If the Conjunction happens when the Moon 
is not near one of the Nodes, the Light of 
the Lamp will fall upon the Earth, either 
above or below the Moon, according to her 
Latitude at that Time. In like Manner, 
when the Full Moon happens near one of 
the Nodes, the Shadow of the Earth will 
fall upon the Moon; and if the Moon's La- 
titude be but ſmall, her whole Face will be 
involved in Darkneſs. At other Times, 
when the Full Moon happens when ſhe is 
not near one of her Nodes, the Shadow of 
the Earth will paſs either above or below the 
Moon, and fo by that Means the Moon will 
eſcape being eclipſed, 
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Of the Eclipſes of the Satellites of Jupiter, 


The apparent Diameters of the inferior 
Planets are ſo ſmall, that when they paſs 
betwixt us and the Sun, they only appear 
like ſmall Spots upon the Sun's Surface, 
without depriving us of any ſenſible Quan- 
tity of his Light. The Shadow of the Earth 
likewiſe terminates before it reaches any of 
the ſuperior Planets, ſo that they are never 
eclipſed by us; and the Earth, when ſhe is 
in Conjunction with the Sun, only appears 
like a black Spot upon his Surface. 

But Jupiter and his Moons mutually 
eclipſe each other, as our Earth and Moon 
do; as alſo doth Saturn and his Moons, 
The Satellites of Jupiter become twice hid 
from us, in one Circulation round Y, v2. 
once behind the Body of Jupiter, i. e. when 
they are in the right Line joining the Centers 
of the Earth and I; and again they become 
inviſible when they enter the Shadow of 
Jupiter, which happens when they are at 


their full, as ſeen from Y, at which Times 


they alſo ſuffer Eclipſes; which Eclipſes hap- 
pen to them after the fame manner as they 
do to our Moon, by the Interpoſition of the 
Earth betwixt her and the Sun. 

Let S be the Sun, ABT the Earth's Or- 
bit, and C J D an Arch of Jupiter's Or- 
bit, in which let Jupiter be in the Point Y ; 
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and let CFDH be the Orbit of one of Ju- 
piter's Satellites, which we'll here ſuppoſe 
to be the fartheſt from him. Theſe Satel- 
lites, while they move through the inferior | 
Parts of their Orbits, v/z. from D thro H, 
J to C, ſeem from the Earth and the Sun to 1 
have a retrograde Motion; but when they 
are in the fuperior Part of their Orbit, they 
are then ſeen to move from Weſt to Eaſt | 
according to their true Motion. Now while 
N they deicribe the ſuperior Part of their Or- 
bits, they will be twice hid from the Earth, 
once in the Shadow of 8, and once behind 
his Body. If Jupiter be more Weſterly | 
than the Sun, Ry is, when the Earth is in 
A, they Il be firſt hid in the Shadow 5 
and afterwards behind the Body of Y in G: 
But when the Earth is in B, then they are 
firſt hid behind T's Body in E, and after- 
wards falt into the Shadow F. While theſe 
Satellites deſcribe the inferior Parts of their 
Orbits, they only once diſappear, which 
may be cither in I or H, according to the | 
Poſition of the Earth, in which Places they 
cannot be diſtinguiſhed from the Body of 
Jupiter. ; 
When the Satellites ſeen from Y are in | 
Conjunction with the Sun, their Shadows 
wall then fall upon Y, and ſome Part of his | 
Body be involved in Darkneſs, to which 
Part the Sun will be totally eclipſed. 
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By obſerving the Eclipſes of Jupiter's 
Satellites, it was firſt diſcover'd that Light 
is not propagated inſtantaneouſly, tho” it 
moves with an incredible Swiftneſs. For 
if Light came to us in an Inſtant, an Ob- 
ſerver in T would ſee an Eclipſe of one of 
theſe Satellites, at the ſame that another in 
K would. But it has been found by 
Obſervations, that when the Earth is in K, 


Eclipſes happen much ſooner than when ſhe 
is in T. Now having the Difference of 


T, we may find the Length of Time, the 
Light takes in paſſing from K to T, which 
Space is equal to the Diameter of the Earth's 
Annual Orb. By theſe kind of Obſerva- 
tions, it has been found that Light reaches 
| from the Sun to us in the Space of eleven 
Minutes of Time, which is at leaſt at the 
Kate of 100,000 Miles in a Second. 


. 


AN 


at her neareſt Diſtance from Jupiter, theſe 


Time betwixt theſe Appearances in K and 
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Meridian Attitude — ib. 


Amplitude — V 
Ampbiſcians — — 76 
Annual Motion — — 56 


Antæci — 77 
Antarctic Circle — — 44 
P ole —— — — ib. 


Antipodes — — — 7 
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Aſcenſional Difference Page 57 
Aſcians — — — 76 
— Heteroſcians — — ib. 
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Axis — 


Azimuth —— 50 
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—— Parallel or leſſer Circles —— 36 
| Secondary Circles —— — ib. 
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Climates —— — 78 
Colure. —ͤ 44 
| Equinoctial Colure — ib. 
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Coſmical Riſing and Setting of the Stars 80 
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Diurnal Motion — — 6 
Diurnal Arch — — 56 
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Ecliptick | 
Egyptian Year 
Elongation 

Ende, or Equinoftial —— — 40 
Equinoctial Points — — 44. 
Equinoxes 
— Preceſion ß — — 46 
Vernal and Autumnal ———— 58 
Excontricity 


Galaxy, or Milky-Way ——— — 32 


— — 4 


Geocentrich Plaſdee !! — 16 
Globe — — — 35 
Jerreſtria!l!.— — 36 
Celeſtial — ib. 
Gregorian Account — 67 


Heliacal Riſing and Setting of the Stars 80 
Heliocentricꝶ Place — 16 


Hemiſphere — 
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Heteroſcians — 76 
Horizon n;! —. — 48 
Senſible — — ib. 
Rational! — —— 49 
Hour Circles — — — 41 
Talian Hours — — 59 
Jeuiſh Hours — — 60 
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Nadi. — Page 50 
Nodes — — — 3, 173 
Nocturnal Arch —— — 56 


Orbit — — — 2 
Parallax of the Earth's Semidiameter — 20 
— of the Earth's Annual Orb 17 
Periæci en * —— 
Periſcians — — 7 
Periodical Month — 61, 174 


Phaſes of the Moonꝛqäã—— — 174 
Planets 


Inferior and Superior — 12 
Planetary Hours — 60 
Poles ——— — — —35 


— of the World — 
of the Echptickh —— — 46 
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Retrograde Motion of the Planets 
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Secondary Planets — — — 4 
Sidereal Year 
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St le Old — Page 65 


— New Style — — 67 
Synodical Montꝰ — 61, 174. 
Tropicks (of Cancer and Capricorn) — 43 


Twilight — 69 
Vertical Circles —— — — 50 
Prime Vertical — — 57 
Zeni th — — — 50 
Zenith Diſtance 52 


Zones, Torrid, Temperate, and Frigid — 73 
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